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scan line field size) 

■ Programmable scan lines/frame (512 max.) 

■ Programmable character rows/frame 

■ Single +5V power supply 

■ Inputs and outputs TTL compatible 

■ Direct interface with DM86S64 character generator 

■ Ease of system design/application 
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See NS Package N40A 



Block Diagram 
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The Video Display 

Discussion of the CRT Controller necessitates an under- 
standing of the video display as presented by a raster 
scan monitor. The resolution of the data displayed on the 
monitor screen Is a function of the dot size. As shown in 
Figure 1, the dot size Is determined by the frequency of 
the system dot clock. The visible size of the dot can be 
modified to less than 100% by external gating of the 
serial video data. The CRT Controller organizes the dots 


Into cell groupings that define video rows. These cells 
are accessed by a specific horizontal address output 
(4096 maximum) and are resolved by a row scan-line- 
counter output (16 maximum) as shown in Figure 2. The 
relation of the video portion of a frame to the horizontal 
blanking and vertical blanking intervals is shown in 
Figure 3 in a two-dimensional format. 


SYSTEM 
DOT CLOCK 


SERIAL VIDEO DATA 
IMPUTED TO MONITOR 


— -j DOT INTERVAL 

JinjirmriJinjinnjL 

_rLJ ^ TL 



VISIBLE INTENSIFIED DOT 
100% DOTS 


50% DOTS 


\ 


GATED DOT PROVIDES SPACE 
BETWEEN CONSECUTIVE DOTS 


Figure 1. Dot Definition 


SCAN LINE (ELECTRON BEAM TRACE) 



DOT INTERVAL 


Figure 2. Character Ceil Definition 

(Example Shown is a 7 x 10 Character Ceil) 


TYPICAL POSITION 



Figure 3. Frame Format Definition 
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Character Generation/Timing Outputs 

The CRT controller provides 11 Interface timing outputs 
for line buffers, character generator ROMs, DM86S64* 
type latch/ROM/shift register combination character 
generators, and system status timing. All outputs are 
buffered to provide TTL compatible direct Interface to 
popular system circuits such as: 

• DM86S64 Series Character Generators 

• MM52116 Series Character ROMs 

• DM74166 Dot Shift Register 

• MM5034, MM5035 Octal 80-Blt Shift Registers (Line 
Buffers) 

Dot Rate Clock: This output is provided for use in 
system synchronization and Interface to the dot shift 
register used In character generation. This output is 
non-inverting with respect to an external clock applied 
to the XI oscillator input (see Figure 6). The dot rate 
clock output exhibits a 50% duty cycle. All CRTC output 
logic transitions are synchronous with the rising edge of 
the Dot Rate Clock output. 

Latch Character Generator Address (Character Rate 
Clock): This output provides an active clock pulse at 
character rate frequency which is active at all times. 
The rising edge of this pulse is synchronous with the 
beginning of each character cell. This output is in- 
tended for direct interface to character/video genera- 
tion data latch registers. 

Line Rate Clock: This output provides an active clock 
pulse at scan-line rate frequency (horizontal frequency), 
which is active at all times. The falling edge of this pulse 
is synchronous with the beginning of horizontal blanking. 
This output is intended for direct interface to character 
generation scan line counters. 

Load Video Shift Register: This output provides a char- 
acter rate signal intended for direct interface to the video 
dot shift register used in character generation. Active low 
pulses are outputted only during video time. As a result 
of the inactive time, horizontal and vertical video blank- 
ing can be derived from this output signal. 

Clear Line Counter: This output signal is active only 
during the first scan line of all rows. It exhibits an active 
low pulse identical and synchronous to the Line Rate 
Clock and is provided for direct interface to character 
generation scan line counters. 

Line Counter Outputs (LCq to LC3): These outputs clock 
at line rate frequency, synchronous with the falling edge 
of the line rate clock, and provide a consecutive binary 
count for each scan line within a row. These outputs are 
provided for system designs that require decoded infor- 
mation indicating the present scan line position within a 
row. These outputs are always active, however, the next 
to the last row during vertical blanking will exhibit an in- 
valid line count as a function of internal frame synchro- 
nization. 

Line Buffer Clock: This output directly interfaces to data 
shift registers when they are incorporated as line buffers 
in a system design (see Figure 16). This signal is active at 
character rate frequency and is intended for shift regis- 
ters that shift on a falling edge clock. This output is inac- 
tive during all horizontal blanking intervals yielding the 
number of active clocks per scan line equal to the nurpber 


of video characters per row. For custom requirements, 
the duty cycle of this output is mask programmable. 

Line Buffer Recirculate Enable: This output is provided 
to control the input loading mode of the data shift regis- 
ter (line buffer) when used in a system design. The format 
of this output is intended for shift registers that load ex- 
ternal data into the input with the mode control in the 
low state, and load output data into the input (recircu- 
late) with the mode control in the high state. This output 
will transition to the low state, synchronous with the line 
rate clock falling edge, for one complete scan line of each 
row. The position of this scan line will either be the first 
scan line of the addressed row, or the last scan line of 
the previous row depending upon the logic level of the 
address mode input (pin 11), tabulated in Table 3. 


Memory Address Outputs/Inputs and Registers 

Address Outputs (A0-A11): These 12 address bits (4k) 
are bi-directional TRI-STATE® outputs that directly inter- 
face to the system RAM memory address bus. 

In the output mode (enabled), these outputs will exhibit 
a specific 12-bit address for each video character cell to 
be displayed on the CRT screen. This 12-blt address 
increments sequentially at character rate frequency 
and is valid at the address bus 2 character times prior to 
the addressed character appearing as video on the CRT 
screen. This pipelining by 2 characters is provided to 
allow sufficient time for first, accessing the RAM mem- 
ory, and second, accessing the character generation 
memory with the RAM memory data. Since a character 
cell is comprised of several scan lines of the CRT beam, 
the sequential address output string for a given video 
row Is identically repeated for each scan line within the 
row. The starting address for each video scan line Is 
stored within an internal 12-bit register called the Row 
Start Register. At the beginning of each video scan line, 
the internal address counter logic is preset with the 
contents of the Row Start Register (see Figure 4). To 
accomplish row by row sequential addressing, internal 
logic updates the Row Start Register at the beginning of 
the first scan line of a video row with the last address + 1 
of the last scan line of the previous video row. Since the 
number of address locations on the video screen display 
is typically much less than the 4k dimension of the 12-bit 
address bus, an internal 12-bit register called the Top Of 
Page Register, contains the starting address of the first 
video row. Internal logic loads the contents of this top 
of page register into the Row Start Register at the begin- 
ning of the first scan line of the first video row. The Top 
Of Page Register is loaded with address zero whenever 
the Reset input is pulsed to the logic “0” state. 


In the input mode (disabled), external addresses can be 
loaded Into the internal 12-bit registers by external con- 
trol o f the register select A, register select B, and register 
load inputs (see Table 1). As a result of specific external 
loading of the contents of the Row Start Register, Top 
Of Page Register, and the Cursor Register, row by row 
page scrolling, non-sequential row control, and cursor 
location control, can easily be accomplished. 
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During the non-video intervals, the address output oper- 
ation is modified. During all horizontal blanking Intervals, 
the incrementing of the address counter is Inhibited and 
the address count is held constant at the last video ad- 
dress -I- 1 . For example, if a video row has an 80 character 
cell format and addressing for the video portion of a 
given scan line starts at address 1, the address counter 
will Increment up through address 81. Address 81 is 
held constant during the horizontal blanking interval 
until 3 character times before the next video scan line. 
At this point, the address counter is internally loaded 
with the contents of the Row Start Register which may 
contain address 1 or 81 as a function of internal control, 
or a new address that was loaded from the external bus. 
During vertical blanking, however, this loading of the 
internal address counter with the contents of the Row 
Start Register is inhibited providing scan line by scan 
line sequential address incrementing. This allows mini- 
mum access time to the CRTC when the address counter 
outputs are being used for dynamic RAM refresh. 

RAM Address Enable Input: At all times the status of 
the bi-directional address outputs is controlled exter- 
nally by the logic level of the enable input. A Mow’ logic 
level at this input places the address outputs in the TRI- 
STATE® (disabled) input mode. A ‘high’ logic level at 
this input places the address outputs In the active (en- 
abled) output mode. 

Register Load/Seiect inputs: When the Register Load 
input is pulsed to the logic ‘low’ state, the Top Of Page, 
Row Start, or Cursor Register will be loaded with a 12-bit 
address which originates from either the internal address 
counter or the external address bus (refer to discussion 
on register loading constraints). The destination register 
is selected prior to the load pulse by setting the register 
select inputs to the appropriate state as defined in 
Table 1. 


Table 1. Register Load Truth Tabte 


Register 
Select A 
(Pin 39) 

Register 
Select B 
(Pin 1) 

Register 
Load input 
(Pin 38) 

Register Loading 
Destination 

0 

0 

0 

No Select 

0 

1 

0 

Top-of-Page 

1 

0 

0 

Row-Start* 

1 

1 

0 

Cursor 

X 

X 


No Load 

‘During the vertical blanking interval, a load to this regis- 
ter is internally routed to the Top-Of-Page register. 


Internal Registers and Loading Constraints: There are 3 
internal 12-bit registers that facilitate video screen 
management with respect to row-by-row page scrolling, 
non-sequential row control and cursor location. These 
registers can be loaded with addresses from the exter- 
nal address bus while the address outputs are disabled 
(RAM address enable inut in the low state), by control- 
ling the register select and load inputs within the con- 
straints of each register. 


The Row-Start Register (RSR) holds the starting address 
for each scan, line of the video portion of a frame. The 
video addressing format is completely determined by the 
contents of this register. With no external loading, the 
RSR is automatically loaded by internal control such 
that row-by-row sequential addressing Is achieved. Re- 
ferring to Figure 4, the RSR is loaded automatically once 
for each video row during the first addressed scan line. 
The source of the loaded address is Internally controlled 
such that the RSR load for the first video row comes from 
the Top-Of-Page Register. The RSR load for all subse- 
quent video rows comes from the address counter which 
holds the last displayed address -fl. If ndn-sequential 
row formatting is desired, the RSR can be loaded exter- 
nally with a 12-bit address. However, this external load 
must be made prior to the internal automatic load. Gen- 
erally speaking, the external load to the RSR should be 
made during the video domain of the last addressed scan 
line of the previous row. Figure 4 indicates the internal 
automatic loading intervals which must be avoided, if the 
load must be made during the horizontal blanking inter- 
val. Once an external address has been loaded to the 
RSR, the next occurring internal automatic RSR load will 
be inhibited by internal detection logic. If an external 
load is made to the RSR during the vertical blanking 
interval, the 12-bit address is loaded into the Top-Of- 
Page Register instead of the RSR as a result of internal 
control. This internal function is performed due to the 
fact that the address loaded into the RSR for the first 
video row can only come from the Top-Of-Page Register. 

The Top-Of-Page register (TOPR) holds the address of the 
first character of the first video row. As a function of 
internal control the contents of this register are loaded 
into the RSR at the beginning of the first addressed 
scan line of the first video row (see Figure 4). This 
loading operation is strictly a function of internal 
control and cannot be overridden by an external load to 
the RSR. For this reason, any external load to the RSR 
during the vertical blanking interval is interpreted 
internally as a TOPR load. When the Reset input is 
pulsed to the logic “0” state, the TOPR register is 
loaded with address zero by internal control. This yields 
a video page display with the first row of sequential 
addressing beginning at zero. Page scrolling can be 
accomplished by externally loading a new address into 
the TOPR. This loading operation can be performed at 
any time during the frame prior tp the interval where the 
TOPR is loaded automatically into the RSR (see Figure 
4). Once the TOPR has been loaded, it does not have to 
be accessed again until the contents are to be modified. 

The Cursor Register (OR) holds the present address of 
the cursor location. A true comparison of the address 
counter outputs and the contents of the CR results in a 
Cursor Enable output signal delayed by two character 
times. When the Reset input is pulsed to the logic “0” 
state, the contents of the CR are set to address zero by 
internal control. Modifying the contents of the CR is 
accomplished by external loading at any time during 
this frame. Typically, loading is performed only during, 
intervals when the address outputs are not actively 
controlling the video display. Once the CR has been 
loaded, it does not have to be accessed again until the 
contents are to be modified. 
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First Addressed Scan Line of a Video Row 


LINE BUFFER 
RECIRCULATE 
ENABLE OUTPUT 


HORIZONTAL BLANKING y / VIDEO 


SCAN LINE 7 //////////////, 
DOMAINS 7////////////// 


RSR 

A 






1 

— 3-^ 




2nd Through Last Addressed Scan Lines of a Video Row 

LINE BUFFER T 

RECIRCULATE \ 

ENABLE OUTPUT \ 


HORIZONTAL BLANKING v , VIDEO- 


SCAN LINE 'W/////////// 
DOMAINS 7 ////////////// 


A 




— 

1 




Note 1: Dimensions are in character time intervals. 

Note 2: “A” denotes the interval that the address counter is 
preset with the contents of the Row Start Register. 

Note 3: “RSR” denotes the interval that the Row Start Register 
is internally loaded with either the contents of the Top-Of-Page 
Register (1st video row) or the last video address + 1 from the 
address counter. 


Figure 4. Automatic internal Loading Intervals 


Video-Related Outputs 

Horizontal Sync: This output provides the necessary 
scan line rate sync signal for direct interface to either 
three-terminal or composite sync monitors. The pulse 
width, position, and logic polarity are mask program- 
mable, in character time increments, for custom require- 
ments. This output may also be mask programmed to 
have RS-170 compatible serration pulses during theverti- 
cal sync interval (refer to DP8352 format and Figure 15). 

Vertical Sync: This output provides the necessary frame 
rate sync signal for direct interface to either three-terminal 
or composite sync monitors. The pulse width, position, 
and logic polarity are mask programmable, in scan line 
increments, for custom requirements. 

Cursor Enable: This output provides a signal that is in- 
tended to be combined with the video signal to display a 
cursor attribute which serves as a visual pointer for video 
RAM location. Internally, the 12-bit address count is 
continuously being compared with the 12-bit address 
stored in the Cursor Register. When a true compare is 
detected, an active high level signal will be present at 
the Cursor Enable output, delayed by 2 character times 
after the corresponding address bus output. The signal 


Is delayed by 2 character times so that it will be coinci- 
dent with the video information resulting from the cor- 
responding address. Mask programmability allows the 
cursor enable output signal to be formatted such that a 
signal will be outputted for all addressed scan lines of a 
video character cell or any single scan line of that cell. 
The cursor enable output signal is inhibited during the 
horizontal and vertical blanking intervals so that video 
blanking is maintained. When the addressing is ad- 
vanced by setting the address mode input (pin 11) in the 
logic “0” state, the cursor enable signal will also be 
shifted with respect to the scan line count. Specifically, 
for a character cell with the cursor output active on all 
addressed scan lines of the cell, the first scan line of 
the cursor signal will occur at the last scan line count of 
the previous video row, and the last scan line count of 
the addressed character cell will have no cursor output 
signal. This mode of operation gives rise to a unique 
situation for the first video row where the first addressed 
scan iine of a character cell has no cursor output signal 
since its advanced scan line position is inhibited by the 
vertical blanking interval. 
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CRT System Control Functions 

Refresh Controi input: This input provides a logic level 
selectable CRT system refresh rate. Typically, this Input 
will select either a 60 Hz or 50 Hz refresh rate to provide 
geographical marketing flexibility. However, mask pro- 
grammability provides the capability of a wide range of 
frequencies for custom requirements. For definition of 
the Input logic truth table and the refresh rate format, 
refer to Table 2 and the standard device type format 
tables. 


Table 2. Refresh Rate Select Truth Table 


Refresh Control 
(Pin 3) 
Logic Level 

Frame Refresh Rate 

Symbol 

DP8350 

DP8352 

DP8353 

1 

f1 

60 Hz 

60 Hz 

60 Hz 

0 

fO 

50 Hz 

50 Hz 

50 Hz 


Vertical Blanking Output: This output provides a signal 
that transitions at the end of the last video scan line of 
the last video row and indicates the beginning of the 
vertical blanking Interval. This signal transitions back to 
the inactive state during the row of scan lines just prior 
to the first video row. The transition position within this 
last row of vertical blanking, as well as the active logic 
polarity, is a function of the particular device format 
(item 21 of the format tables) or is mask programmable 
for custom requirements. 

Address Mode: When a system utilizes a line buffer shift 
register, the first scan line of addressing for a row is used 
to load the shift register. As a result of this loading 
operation, addressing for a particular row will not begin 
accessing the video RAM until the second scan line of 
addressing for the row. It also follows that the first scan 
line of a row can only exhibit addressed data for the pre- 
vious video row that Is in the shift register. This offset in 
addressing becomes a problem for character generation 
designs that output video on the first scan line of a row 
(with respect to the line counter outputs). The result is 
Invalid data being displayed for the first scan line. One 
solution would be to utilize a character generation de- 
sign that began outputting video on the second scan line 
of a row. However, since most single chip character 
generators begin video on the first scan line, the DP8350 
series CRT controller provides a pin selectable advanced 
addressing mode which will compensate for addressing 
shifts resulting from shift register loading. Referring to 
Table 3, a high logic level at this input will cause address- 
ing to be coincident with the scan line counter positions 
of a row, and a low logic level at this input will cause 
addressing to start on the last scan line counter position 
of the previous row. This shifted alignment of the ad- 
dressing, with respect to the designated scan lines of a 
row. Is diagrammed In Figure 5. Characteristically, it fol- 
lows that, when addressing is advanced by one scan line, 
the Line Buffer Recirculate Enable output and the Cursor 
Enable output are also advanced by one scan line. This 
advanced position of the Cursor Enable output may 
deserve special consideration depending upon the sys- 
tem design. 


Table 3. Address Mode Truth Table 


Address Mode 
Input (Pin 11) 

(Logic Level) 

New Row Addressing At Address 
Outputs and Line Buffer Recirculate 
Enable Logic Low Level 

(Scan Line Position) 

0 

Last scan line of previous row 

1 

First scan line of row. 


Full/Half Row Control: This control input is provided 
for applications that require the option of half-page ad- 
dressing. As an example, if the normal video page format 
is 80 characters/row by 24 rows, setting this input to the 
logic “0” state will cause the video format to become 
evenly spaced at 80 characters/row by 12 rows. Specifi- 
cally, when this input is in the logic “0” state, row ad- 
dressing is repeated for every other row. This yields suc- 
cessive groups of two rows of identical addressing. The 
second row of addressing, however, has the Load Video 
Shift Register output and the Cursor Enable output inter- 
nally Inhibited to provide the necessary video blanking. 
Setting this input to the logic “1” state yields normal 
frame addressing. 

External Character/Line Rate Clock: This input is in- 
tended to aid testing of the CRTC and is not meant to be 
used as an active input in a CRT system. When this 
input Is left open, it is guaranteed not to interfere with 
normal operation. 

Reset Input: This input is provided for power-up syn- 
chronization. When brought to the logic “0” state, device 
operation is halted. Internal logic is set at the beginning 
of vertical blanking, and the Top-Of-Page Register and 
the Cursor Register are loaded with address zero. When 
this input returns to the logic “1” state, device operation 
resumes at the vertical blanking interval followed by 
video addressing which begins at zero. This input has 
hysteresis and may be connected through a resistor to 
V0Q and through a capacitor to ground to accomplish a 
power-up Reset. The logic “0” state should be main- 
tained for a minimum of 250ns. 
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ADDRESS MODE INPUT = “0” 
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Figure 5. Address Mode Functionality 
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Crystal Inputs X1 and X2: The “Pierce”-type oscillator 
is controlled by an external crystal providing parallel 
resonant operation. Connection of external bias compo- 
nents is made to pin 22 (X1) and pin 21 (X2) as shown in 
Figure 6. It is important that the crystal be mounted in 
close proximity to the XI and X2 pins to ensure that 
printed circuit trace lengths are kept to an absolute mini- 
mum. Typical specifications for the crystal are shown in 
Table 4 for each of the standard products, DP8350, 
DP8352, and DP8353. When customer mask options re- 
quire higher frequencies, it may be necessary to change 
the crystal specifications and biasing components. If 
the CRTC is to be clocked by an external system dot 
clock, pin 22 (X1) should be driven directly by Schottky 
family logic while pin 21 (X2) is left open. The typical 
threshold for pin 22 (XI) is WqqI2. 


Table 4. Typical Crystal Specifications 


Parameter 

Specification 

DP8350 DP8352 DP8353 

Type 

At-Cut 

Frequency 

10.92MHz 1 7.02MHz | 17.6256 MHz 

Tolerance 

0.005% at 25X 

Stability 

0.01% from 0“C to +70“C 

Resonance 

Fundamental, Parallel 

Maximum Series 
Resistance 

50Q 

Load 

Capacitance 

20 pF 


Vcc 



Figure 6. Dot Clock Oscillator Configuration with 
Typical External Bias Circuitry Shown 


Custom Order Mask Programmability: The DP8350 
Series CRT controller is available In three standard op- 
tions designated DP8350, DP8352, and DP8353. The 
functional format of these devices was selected to meet 
the typical needs of CRT terminal designs. In order to 
accommodate specific customer formats, the DP8350 
series CRT controller is mask programmable with a 
diverse range of options available. The items listed in 
the program table worksheet indicate the available 
options, while Table 5 tabulates the programming con- 
straints. 


Table 5. Mask Programming Limitations 


Desig- 

nation 

Parameter 

Min. Max. 
Value Value 

1- 

o 

Q 

Dot Rate Frequency 

DC 30 MHz 

^CHAR 

Character Rate Frequency 

DC 2.5 MHz 

— 

Line Buffer Clock Logic “0” 
Width (Item 20 x Item 24) 

200 ns 

Item 3 , 

Dots per Character Field 
Width 

4 16 

Item 4 

Scan Lines per Character 
Field 

2 ■ 16 

Item 12 

Scan Lines per Frame 

512 

Item 14 

Character Times Video 

5 122 

per Row Blanking 

6 123 

Item 11 

Scan Lines per Vertical 
Blanking 

(Item 4) 

+ 2 

If the cursor enable output, Item 22, is active on only one 
line of a character row, then Item 21 value must be either 
“1” or “0” or equivalent to the line selected for the 
cursor enable output. 
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DP8350 Series Custom Order Format Table 



This table is provided as a worksheet to aid in determining the programmed configuration for custom mask options. Refer 
to Table 5 for a list of programming limitations. 

item 

No. 

Parameter 

Value 

. 1 

Character Font Size 

Dots per Character (Width) 


2 

(Reference Only) 

Scan Lines per Character (Height) 


3 

Character Field Block Size 

Dots per Character (Width) 


4 

Scan Line per Character (Height) 


5 

Number of Video Characters per Row 


6 

Number of Video Character Rows per Frame 


7 

Number of Video Scan Lines (Item 4 x Item 6) 


8 

Frame Refresh Rate (Hz) (two pin selectable frequencies allowed) (Item 13-:- Item 12) 

f1= 

f0= 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 



10 

Vertical Sync Width (Number of Scan Lines) 



11 

interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 



12 

Total Scan Lines per Frame (Item 7 + Item 11) 



13 

Horizontal Scan Frequency (Line Rate) (kHz) (Item 8 x Item 12) 


14 

Number of Character Times per Scan Line 

■ 

15 

Character Clock Rate (MHz) (Item 13 x Item 14) 


16 

Character Time (ns) (1 Item 15) 


17 

i 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 


18 

Horizontal Sync Width (Character Times) 


19 

Dot Frequency (MHz) (Item 3 x Item 15) 


20 

Dot Time (ns) (1 Item 19) 


21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

(Range = Item 4 - 1 line to 0 lines) 


22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? 


23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 


24 

Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time Increments) (Typically Va Item 3 rounded up) 


25 

Serration Pulse Width, if used (Character Times) (See Figure 13) 


26 

Horizontal Sync Pulse Active state logic level (1 or 0) 


27 

Vertical Sync Pulse Active state logic level (1 or 0) 


28 

Vertical Blanking Pulse Active state logic level (1 or 0) 


Video Monitor: Manufadturer and Model No. (For Engineering Reference) 
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Absolute Maximum Ratings (Note d 


Supply Voltage, Vcc 
Input Voltage 
Output Voltage 
Storage Temperature Range 


7.0V 

5.5V 

5.5V 

-65°Cto+150°C 


Operating Conditions (Note 6) 

Min. Max. 

Vcc, Supply Voltage 4.75 5.25 

Ta, Ambient Temperature 0 +70 


Lead Temperature (soldering, 10 seconds) 300°C 

Electrical Characteristics vcc=5v±5%, ta=o‘’c to +70‘’c (Notes 2 , 3 , and 5 ) 

Parameter Conditions Min. Typ. Max. Units 

V|H Logic “1” Input Voltage 2.0 .V 

All Inputs Except XI, X2 RESET 2.6 V 

RESET 

V|L Logic “0” Input Voltage 

All Inputs Except XI, X2 0.8 V 

Vhys reset Input Hysteresis 0.4 V 

Vciamp Input Clamp Voltage 

All Inputs Except X1, X2 liN = -12mA -0.8 -1.2 V 

liH Logic “1” Input Current 

A 0 -A 11 Enable Input = 0V, 

Vcc = 5.25V, V|N = 5.25V 10 100 pA 

All Other Inputs Except XI, X2 Vcc = 5.25V, V|n = 5.25V 2.0 20 mA 

liL Logic “0” Input Current 

A 0 -A 11 Enable Input = 0V, 

Vcc = 5.25V, V|N = 0.5V “20 -100 fuA 

All Other Inputs Except XI, X2 Vcc = 5.25V, V|n = 0.5V -20 -100 mA 

Vqh Logic “1” Output Voltage Ioh = -100|.(A 3.2 4.1 V 

loH = -1mA 2.5 3.3 V 

VoL ‘ Logic “0” Output Voltage loL = 5mA 0.35 0.5 V 

los Output Short Circuit Current Vcc = 5V, Vqut = OV (Note 4) “lO 40 100 mA 

Ice Power Supply Current (Note 10), Vcc = 5.25V 220 300 mA 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min. /max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power 
supply range. All typical values are for Ta = 25°C and Vcc = 5.0V and are intended for reference only. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are refer- 
enced to ground, unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Electrical specifications do not apply to pin 17, external char/line clock, as this pin is used for production testing only. 

Note 6: Functional operation of device is not guaranteed when operated beyond specified operating condition limits. 

Switching Characteristics vcc=5.ov±5%,Ta=25»c (N ote 7) 

Parameter Circuit Notes Min. Typ, Max. Units 


Symmetry Dot Rate Clock Output High 

Symmetry With Crystal Control 1 50% -4 50% -2 50% + 1 ns 

tpdi XI Input to Dot Rate Clock 

Output Positive Edge 1 17 22 ns 

tpdo XI Input to Dot Rate Clock 

Output Negative Edge 1 21 26 ns 

Xo^ Dot Clock to Load Video Shift 

Register Negative Edge 1 6.0 10 ns 

tD 2 Dot Clock to Load Video Shift 

Register Positive Edge 1 11 15 ns 

tD 3 Dot Clock to Latch Character 

Generator Positive Edge 1 8.0 13 ns 

to 4 Dot Clock to Latch Character 

Generator Negative Edge 1 6.0 10 ns 


DP8350 Series 



DP8350 Series 


Switching Characteristics (cont’d.) vcc=5.ov±5%, ta=25'c (Note 7) 


Parameter 

Load 

Circuit 

Notes 

Min. 

Typ. 

Max. 

Units 

tD2"tD3 

Latch Character Generator Positive 
Edge to Load Video Shift Register 
Positive Edge 

1 


0 

3.0 


ns 

^05 

Dot Clock to Line Buffer Clock 
Negative Edge 

1 



23 

35 

ns 

tpwi 

Line Buffer Clock Pulse Width 

1 

8,9 

N(DT) 

N(DT)+8 

N(DT)+12 

ns 

toe 

Dot Clock to Cursor Enable Output 
Transition 

1 



24 

36 

ns 

tD7 

Dot Clock to Valid Address Output 

1 



15 

25 

ns 

^DSo 

Latch Character Generator to Line 
Rate Clock Neg. Transition 

1 

8,10 


425 -H DT 

500 -H DT 

ns 

tpsi 

La'tch Character Generator to 

Line Rate Clock Pos. Transition 

1 

8,10 


300 + DT 

400 -fDT 

ns 

^D9o 

Latch Character Generator to 

Clear Line Counter Neg. Transition 

1 

8,10 


525 -h DT 

700 + DT 

ns 

tD9i 

Latch Character Generator to 

Clear Line Counter Pos. Transition 

1 

8,10 


290 + DT 

400 -h DT 

ns 

tD8r^D9i 

Clear Line Counter Pos. Transition 
to Line Rate Clock Pos. Transition 

1 

10 


10 

60 

ns 

tpio 

Line Rate Clock to Line Counter 
Output Transition 

1 



60 

120 

ns 

^011 

Line Rate Clock to Line Buffer 
Recirculate Enable Transition 

1 



195 

300 

ns 

^012 

Line Rate Clock to Vertical 

Blanking Transition 

1 



160 

300 . 

ns 

*013 

Line Rate Clock to Vertical Sync 
Transition . 

1 



220 

300 

ns 

tD14 

Latch Character Generator to 
Horizontal Sync Transition 

1 



96 

150 

ns 

^81 

Register Select Set-up Before 
Register Load Negative Edge 



0 



ns 

tH1 

Register Select Hold After Register 
Load Positive Edge 



0 



ns 

^82 

Valid Address Input Set-Up Before 
Register Load Positive Edge 



250 



ns 

^H2 

Valid Address Hold Time After 
Register Load Positive Edge 



0 


1 

ns 

tpW2 

Register Load Required Pulse Width 



150 

65 


ns 

^LZ. tHZ 

Delay from Enable Input to Address 
Output High Impedance State from 
Logic “0” and Logic “1” 

2 



15 

30 

ns 

^ZL. tzH 

Delay from Enable Input to Logic 
“0” and Logic “1” from Address 
Output High Impedance State 

2 



17 

30 

ns 


Note 7: Typical values are for Vcc = 5.0V and Ta = 25‘’C and are meant for reference only. 
Note 8: "DT” denotes dot rate clock period time, item 20 from option format table. 

Note 9: “N” denotes value of item 24 from option format table. 

Note 10: Revised since last issue. 


Switching Load Circuits 


Load Circuit 1 Load Circuit 2 

Note: Cl includes probe and ]lg capacitance. All diodes are 1N914 or equivalent. 
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Switching Waveforms (cont’d) 
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Note 1: All measurement points are 1.5V. 
Note 2: tr = tf < 10ns. 

Note 3: Address enable (pin 37) = 0V. 


Figure 11. Register Select and Load Waveforms Figure 12. Address Output Enable/Disable 

Waveforms 


Timing Diagrams 
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Note 1: One full row before start of video the line counter is set to zero state — this provides line counter synchronization in cases 
where the number of lines in vertical blanking are not even multiples of the number of lines per row. 

Note 2: The position of the line buffer recirculate enable logic low level is a function of the logic level of the address mode input (see 
Table 3). 

Note 3: The stop point of the vertical blanking output active signal is a function of device type or custom option, and will always be 
within one row prior to video. 

Note 4: The transition start and stop points of the vertical sync output signal are a function of device type or custom option. 

Figure 14. Line/Frame Rate Functional Diagram 
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-^SERRATION PULSE ENVELOPE— 


VERTICAL (NOTE 1) (NOTE 2) ^ T (NOTE 2) 

SYNC 1 J I— 

OUTPUT 

P = HORIZONTAL SCAN TIME PERIOD (ITEM 14 FROM PROGRAM TABLE) 

H = HORIZONTAL SYNC WIDTH (ITEM 18 FROM PROGRAM TABLE) 

S = SERRATION PULSE WIDTH (ITEM 25 FROM PROGRAM TABLE) 

Tl = P-H (MAX) 

T2 = H-1 CHARACTER TIME (MAX) 


Note 1: The vertical sync transition point is always coincident with the beginning of horizontal blanking. 

Note 2: Tl and T2 intervals represent the range of alignment offset between the vertical sync pulse and the serration pulse envelope 
and is a function of the horizontal sync position with respect to the beginning of horizontal blanking. 


Figure 15. Serration Puise Format 
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Timing Diagrams (cont’d) 


3 MAX MAX MAX MAX MAX MAX MAX MAX 


• POINT A (NOTE 2) 


Note 1: The horizontal sync output start and stop point positions are a function of device type or custom option. 

Note 2: The position of the recirculate enable output logic "0” level is dependent on the state of the address mode input. When address 
mode = “0”, recirculate enable occurs on the max. line of a character row (solid line) and the address counter outputs roll over to the new 
row address at point A. When address mode = “1”, recirculate enable occurs on the first line of a character row (dashed line) and the 
address counter outputs roll over to the new row address at point B. 

Note 3; The address counter outputs clock to the address of the last character of a video row plus 1. This address is then held during 
the horizontal blanking interval until video minus three character times. At this point the outputs are modified to the contents of the 
Row Start Register (RSR). 


Figure 13. Character/Line Rate Functional Diagram 
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Applications 


OPTIONAL 



Figure 16. General System Block Diagram 
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Figure 17. Dot-By-Dot Graphics Block Diagram 
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Table 6. Characteristic Format 



Item 

No. 

Parameter 

Value 

1 

Character Font Size 

Dots per Character (Width) 

(5) 

2 

(Reference Only) . 

Scan Lines per Character (Height) 

(7) 

3 

Character Field Cell Size 

Dots per Character (Width) 

7 

4 

Scan Line per Character (Height) 

10 

5 

Number of Video Characters per Row 

80 

6 

Number of Video Character Rows per Frame 

24 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

240 

8 

Frame Refresh Rate (Hz) ' 

f1 =60 

f0 = 50 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

4 

30 

10 

Vertical Sync Width (Number of Scan Lines) 

10 

10 

11 

Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

20 

72 

12 

Total Scan Lines per Frame (Item 7 + Item 11) 

260 

312 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

15.6 kHz 

14 

‘ Number of Character Times per Scan Line 

100 

15 

Character Clock Rate (Item 13 x Item 14) 

1.56 MHz 

16 

Character Time (1 -r Item 15) 

641ns 

17 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

0 

18 

Horizontal Sync Width (Character Times) 

43 

19 

Dot Frequency (Item 3 x Item 15) 

10.92 MHz 

20 

Dot Time (1 Item 19) 

91.6ns 

21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

1 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) 

Yes 

23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

No 

24 

Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments) 

4 

25 

Serration Pulse Width, if used (Character Times) 

- 

.26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

1 

27 

Vertical Sync Pulse Active state logic level (1 or 0) 

0 

28 

Vertical Blanking Pulse Active state logic level (1 or 0) 

1 

Video Monitor Format: Bali Brothers TV 

-12, TV-120 or Equivalent. 
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Figure 18. DP8350 Video Character Signals 
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Figure 19. DP8350 Scan Line Signals 


5-22 









VERTICAL 

FORMAT 


VERTICAL 

BLANK 


VERTICAL 

SYNC 


VERTICAL 

FORMAT 


VERTICAL 

BLANK 


VERTICAL 

SYNC 



Figure 20. DP8350 60 Hz Refresh Rate Frame Signals 




Figure 21. DP8350 50 Hz Refresh Rate Frame Signals 
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DP8352 CRT Controller 


Table 7. Characteristic Format 


Item 

No. 

Parameter 

Value 

1 

Character Font Size 

Dots per Character (Width) 

(7) 

2 

(Reference Only) 

Scan Lines per Character (Height) 

(9) 

3 

Character Field Cell Size 

Dots per Character (Width) 

9 

4 

Scan Line per Character (Height) 

12 

5 

Number of Video Characters per Row 

32 

6 

Number of Video Character Rows per Frame 

16 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

192 

8 

Frame Refresh Rate (Hz) 

f1=60 

f0 = 50 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

27 

53 

10 

Vertical Sync Width (Number of Scan Lines) 

3 

3 

11 

Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

68 

120 

12 

Total Scan Lines per Frame (Item 7 -f- Item 11) 

260 

312 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

15.6 kHz 

14 

Number of Character Times per Scan Line 

50 

15 

Character Clock Rate (Item 13 x Item 14) 

0.78 MHz 

16 

Character Time (1 Item 15) 

1282ns 

17 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

6 

18 

Horizontal Sync Width (Character Times) 

4 

19 

Dot Frequency (Item 3 x Item 15) 

7.02 MHz 

20 

Dot Time (1 Item 19) 

142.4 ns 

21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

0 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) 

Yes 

23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

Yes 

24 

Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments) 

5 

25 

Serration Pulse Width, if used (Character Times) 

4 

26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

0 

27 

Vertical Sync Pulse Active state logic level (1 or 0) 

0 

28 

Vertical Blanking Pulse Active state logic level (1 or 0) 

1 


Video Monitor Format: RS- 170-Compatible (Standard American TV). 
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Figure 22. DP8352 Video Character Signals 
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Figure 23. DP8352 Scan Line Signals 
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Figure 24. DP8352 60 Hz Refresh Rate Frame Signals 
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Figure 25. DP8352 50 Hz Refresh Rate Frame Signals 
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Figure 26. DP8352 Serration Pulse Format 


DP8353 CRT Controller 


Table 8. Characteristic Format 


Item 

No. 

Parameter 

Value 

1 

Character Font Size 

Dots per Character (Width) 

(7) 

2 

(Reference Only) 

Scan Lines per Character (Height) 

(9) 

3 

Character Field Cell Size 

Dots per Character (Width) 

9 

4 

Scan Line per Character (Height) 

12 

5 

Number of Video Characters per Row 

80 

6 

Number of Video Character Rows per Frame 

25 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

300 

8 

Frame Refresh Rate (Hz) 

f1 =60 

0 

II 

01 

o 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

0 

32 

10 

Vertical Sync Width (Number of Scan Lines) 

3 

3 

11 

Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

20 

84 

12 

Total Scan Lines per Frame (Item 7 + Item 11) 

320 

384 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

19.20kHz 

14 

Number of Character Times per Scan Line 

102 

15 

Character Clock Rate (Item 13 x Item 14) 

1.9584 MHz 

16 

Character Time (1 Item 15) 

510.6ns 

17 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

5 

18 

Horizontal Sync Width (Character Times) 

9 

19 

Dot Frequency (Item 3 x Item 15) 

17.6256 MHz 

20 

Dot Time (1 -h Item 19) 

56.7 ns 

21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

1 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) . 

Yes 

23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

No 

24 

Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments) 

5 

25 

Serration Pulse Width, if used (Character Times) 

- 

26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

1 

27 

Vertical Sync Pulse Active state logic level (1 or 0) 

1 

28 

Vertical Blanking Pulse Active state logic level (1 or 0) 

1 


Video Monitor Format: Motorola M3003 or Equivalent. 
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Figure 27. DP8353 Video Character Signais 



Figure 28. DP8353 Scan Line Signals 



Figure 29. DP8353 60 Hz Refresh Rate Frame Signals 
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A Low Component Count 
Video Data Temriinal Using 
the DP8350 CRT Controiier 
and the iNS8080 CPU 

iNTRODUCTION 

The DP8350 is an I^L — LS technology integrated 
circuit, designed to provide all control signals for a 
cathode ray tube (CRT) display system. This application 
note explains a system using the DP8350 and the 
INS8080 microprocessor. The design philosophy shows 
how the DP8350 interfaces to the INS8080, completing 
the function of a video data terminal with a minimum 
component count. After reading and understanding this 
application note the reader will realize the ease and 
flexibility of designing video terminals with the DP8350*. 
To thoroughly understand this application note the 
reader must be familiar with the DP8350 and the 
INS8080 microprocessor. 

The video data terminal described is divided into the 
following sections, (Figure 1). 

The DP8350 CRT controller (CRTC). 

The 8080 juP system which includes ROM, RAM, 
interrupt instruction port, oscillator, and control 
support chips. 

The character generator. 

The communication element. 

The keyboard and baud rate select ports. 

THE CRTC 

The DP8350 generates all the required control and 
timing signals for displaying video, information on the 
video monitor. Here is a summary of the controller's 
functions: 

Dot clock, control, and counter outputs for the 
character generator. 

Bidirectional RAM address refresh counter' for 
refreshing the video RAM and allowing microproces- 
sor loading to the internal DP8350 registers. 

Direct drive horizontal and vertical sync signal 
outputs. 

Direct cursor address location output. The cursor is 
internally delayed or pipelined, allowing for the 
access time of video RAM and the character generator 
ROM, (Figure 1). 

THE CPU 

The microprocessor provides CRTC, operator, and ex- 
ternal machine control for the system. When the CRT 
controller is not actively refreshing the video RAM, 
(i.e., during vertical retrace or blank scan lines), the 
microprocessor is enabled for system housekeeping, 
(Figure 2). This method of multiplexing the RAM with 
*The DP8350 is equivalent to the INS8276 
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the CPU and the CRTC eliminates the need for line 
buffers. 

THE CHARACTER GENERATOR 

The character generator consists of 3 elements: an 
address latch to hold the input address to the character 
ROM allowing for the access time of the ROM; the 
character ROM that stores the ASCII character in a form 
for parallel to serial conversion by the shift register; 
the shift register converts the character ROMs parallel 
output to serial form. The serial output from the shift 
register Is the true video output, modulating the video 
monitors electron beam which writes characters on the 
screen. All of the 3 elements of the character generator 
are combined in the DM8678, (Figure 3). The DP8350 
CRTC provides all the control signals for the DM8678. 

THE COMMUNICATION ELEMENT 

The INS8250 is the asynchronous communication 
element (ACE) for the data terminal. The ACE allows 
the CPU portion of the data terminal communication 
with peripherals or host computers at the correct baud 
rate, (Figure 1). The ACE is programmed by the CPU to 
send and receive serial data at the standard baud rates 
from 110 to 4800 baud. The ACE, in conjunction with 
the DS1488 and DS1489 line drivers and receivers, also 
provides full RS232C synchronous communication if 
higher baud rates are desired. System communication 
speed must always be considered to insure the baud rate 
does not exceed the time required for the CPU to 
process a data byte. Asynchronous communication 
at baud rates higher than 4800 are possible by adding 
a line buffer. 

SYSTEM INITIALIZATION 

Application of the terminal's power supply resets the 
microprocessor, the communication element, and the 
CRT controller. Resetting the ACE is necessary to clear 
the Interrupt. Resetting the CRTC is not absolutely 
necessary since the microprocessor loads the cursor and 
top of page registers in the initialization routine. 

Following the reset all interrupts are disabled to avoid 
unwanted interrupts from the CRTC, ACE, or I/O ports. 
Refer to the initialization routine in the flowchart. 

The stack pointer is loaded to the bottom of scratch pad 
RAM (3FFFH) for use as the register save pointer, 
(Figure 4). 

The entire RAM is written with ASCII spaces generating 
a cleared screen. After completion of the screen clear 
loop the CPU writes OOOH to the cursor and the top of 
page registers in the DP8350 CRTC. The routine homes 
the cursor to the upper left corner of the screen. The 
top of page register was loaded with OOOH, therefore, 
the video RAM is refreshed by the CRTC from that 
starting address to the last address on the screen of video 
RAM (1920 characters). 
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TOASCIf TO EXTERNAL SYSTEMS 

KEYBOARD COMMUNICATION LINK 

*The cursor is internally pipelined by the CRTC to allow for access time of the RAM and the character generator. 


FIGURE 1. Video Data Terminal Detailed Block Diagram 


Abbreviations: 

LR CLK 

Line rate clock 

CLC 

Clear line counter 

LVSR 

Load video shift register 

LCGA 

Latch character generator address 

Line CNT 

Line counter 

EN 

Enable 

VID 

Video 

KB INT 

Keyboard interrupt 

VB 

Vertical blanking 
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- SCAN LINE 


CHAR NO. 1 
(OOOH) 


-RETRACE 


CHAR NO. 80 
(04FH) 


ROWX 



NEXT 

ROW 


'^ 9 - 
0 - 
1 
2 

3 

4 

5 

6 

7 

8 
9 


.z. 


CRTC ON 
CPU Hi-Z 


CRTC Hi-Z 
CPU ON 


A NEW ROW START INTERRUPT 
OCCURS WHEN THE LINE COUNTER 
OUTPUTS INCREMENT TO LINE 8. 
THE DP8350 ROW START REGISTER 
IS THEN LOADED WITH THE NEXT 
STARTING ROW ADDRESS DETER- 
MINED FROM THE NEW ROW START 
LOOKUPTABLEINRAM. 


FIGURE 2. Row Start Interrupting and Multiplexing the INS8080 with the DP8350 


ADDRESS 

STROBE 

DBS 

DB4 

DB3 

OB2 

DB1 

DBO 

CLOCK 

CONTROL 

5V 

LINE 

CLOCK 

CLEAR 



OUTPUT 

ENABLE 


FIGURE 3. DM8678 Character Generator Block Diagram 
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The CPU is ready to perform the communication element 
(ACE) load routine. First, the baud rate divisor for the 
ACE must be determined. The baud rate select switch 
is read providing a code which corresponds to the ap- 
propriate 16-bit divisor for the ACE. This divisor 
determines the baud rate at which the ACE will com- 
municate. Any additional programming requirements 
needed for the ACE to communicate with host computer 
systems could also be done at this time. The software in 
this system does not contain any additional programming 
for the ACE. There are many programming modes 
related to the ACE. Details of these modes are beyond 
the scope of this application note. 

The row start look-up table, (Figure 5), is loaded up by a 
simple algorithm that loads and adds the data for 
referencing a row number to that row's starting address. 
The reference table, (Figure 6), is initialized next by 
direct loading. This table provides the CPU with top of 
page,. bottom of page, next row load, cursor row, and 
scratch row numbers for system housekeeping. 

Finally, the new row start and vertical interrupt latches 
are cleared, (Figure 7). The register pointers are loaded 
and the CPU is forced in a wait loop with interrupts 
enabled. 

NON-SEQUENTIAL ADDRESSING 

The data terminal described here was designed for 
non-sequential starting row addressing. In many systems 
sequential row addressing is used. If a character row 
consists of 10 scan lines the RAM is addressed 10 
repetitive times from OOOH through 04FH, (Figure 2). 
The next row is refreshed in the same manner from 
050H to 09FH. The starting row address is sequential 
OOOH, 050H, OAOH-EBOH for row numbers OH, 1H, 
2H,— 2FH, respectively. Non-sequential row addressing 
would be equivalent to 050H, OOOH, OAOH-EBOH for 
row numbers 1H, 0H,-2FH, respectively, (Figure 4), 

In conjunction with the CPU, non-sequential row 
addressing is quite easily accomplished with the DP8350 
since this is one of the features designed Into the part. 
Accomplishing this task basically requires the following 
sequence of events. Assume the CRTC has finished 
writing a video row in the middle of the monitor's 
screen. This system has a 5 x 7 character font in a 7 x 10 
field, (Figure 2). At the completion of the last video 
scan line 7 the CRTC line counters continue to count 
the last 3 lines. Video is not present since the character 
is only 7 scan lines high. The blank scan lines are 7, 8, 
and 9 permitting the CRTC address outputs to be 
TRI-ST ATED®, allowing the CPU to run. When the line 
counter outputs increment to scan line 8 an interrupt 
signals the CPU. The interrupt occurring is the new row 
start interrupt. The interrupt routine fetches the next 
CRTC row number from the reference table (Figure 6). 
This number is converted to the new starting row 
address, explained later, and loaded to the CRTC row 
start register. The CPU finishes the routine by clearing 
the interrupt, readying itself for the next new row start 
interrupt. The entire routine takes 1 scan line of time, 
approximately 64 /is. The CRTC continues to scan 
the video RAM from that new starting address on 
for the next 7 repetitive scan lines of the next row. 
Many advantages become apparent using the non- 
sequential addressing scheme. Scrolling up or down 
with the cursor always on the screen may be done 


faster and easier from a hardware/software standpoint. 
Exchanging one row with another row is fast since 
it is not necessary to rewrite the video RAM. Row 
swapping is useful for higher end terminals requiring 
row editing functions. 

ADDRESS MAP 



FIGURE 4. RAM Organization 
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MEMORY REFERENCE TABLES 

Page 1 Page 2 


ROW 

NUMBER 

NRSHIGH i 

NRS LOW 1 

ADDRESS 

ROW 

DATA 

ADDRESS 

ROW 

DATA 

DEC 

HEX 

0 

0 

0 

3 

F 

0 

0 

3 

0 

3 

F 

3 

0 

0 

0 

1 

0 

1 

3 

F 

0 

1 

3 

0 

3 

F 

3 

1 

5 

0 

2 

0 

2 

3 

F 

0 

2 

3 

0 

3 

F 

3 

2 

A 

0 

3 

0 

3 

3 

F 

0 

3 

3 

0 

3 

F 

3 

3 

F 

0 

4 

0 

4 

3 

F 

0 

4 

3 

1 

3 

F 

3 

4 

4 

0 

5 

0 

5 

3 

F 

0 

5 

3 

1 

3 

F 

,3 

5 

9 

0 

6 

0 

6 

3 

F 

0 

6 

3 

1 

3 

F 

3 

6 

E 

0 

7 

0 

7 

3 

F 

0 

7 

3 

2 

3 

F 

3 

7 

3 

0 

8 

0 

8 

3 

F 

0 

8 

3 

2 

3 

F 

3 

8 

8 

0 

9 

0 

9 

3 

F 

0 

9 

3 

2 

3 

F 

3 

9 

D 

0 

10 

0 

A 

3 

F 

0 

A 

3 

3 

3 

F 

3 

A 

2 

0 

11 

0 

B 

3 

F 

0 

B 

3 

3 

3 

F 

3 

B 

7 

0 

12 

0 

C 

3 

F 

0 

C 

3 

3 

3 

F 

3 

C 

C 

0 

13 

0 

D 

3 

F 

0 

D 

3 

4 

3 

F 

3 

D 

1 

0 

14 

0 

E i 

3 

F 

0 

E 

3 

4 

3 

F 

3 

E 

6 

0 

15 

0 

F 

3 

F 

0 

F 

3 

4 

3 

F 

3 

F 

B 

0 

16 

1 

0 

3 

F 

1 

0 

3 

5 

3 

F 

4 

0 

0 

0 

17 

1 

1 

3 

F 

1 

1 

3 

5 

3 

F 

4 

1 

5 

0 

18 

1 

2 

3 

F 

1 

2 

3 

5 

3 

F 

4 

2 

A 

0 

19 

1 

3 

3 

F 

1 

3 

3 

5 

3 

F 

4 

3 

F 

0 

20 

1 

4 

3 

F 

1 

4 

3 

6 

3 

F 

4 

4 

4 

0 

21 

1 

5 

3 

F 

1 

5 

3 

6 

3 

F 

4 

5 

9 

0 

22 

1 

6 

3 

F 

1 

6 

3 

6 

3 

F 

4 

6 

E 

0 

23 

1 

7 

3 

F 

1 

7 

3 

7 

3 

F 

4 

7 

3 

0 


ROW 

NUMBER 

NRS HIGH 

NRS LOW 1 

ADDRESS 

ROW 

DATA 

ADDRESS 

ROW 

DATA 

DEC 

HEX 

24 

1 

8" 

3 

F 

1 

8 

3 

7 

3 

F 

4 

8 

8 

0 

25 

1 

9 

3 

F 

1 

9 

q 

7 

3 

F 

4 

9 

D 

0 

26 

1 

A 

3 

F 

1 

A 

3 

8 

3 

F 

4 

A 

2 

0 

27 

1 

B 

3 

F 

1 

B 

3 

8 

3 

F 

4 

B 

7 

0 

28 

1 

C 

3 

F 

1 

C 

3 

8 

3 

F 

4 

C 

C 

0 

29 

1 

D 

3 

F 

1 

D 

3 

9 

3 

F 

4 

D 

1 

0 

30 

1 

E 

3 

F 

1 

E 

3 

9 

3 

F 

4 

E 

6 

0 

31 

1 

F 

3 

F 

1 

F 

3 

9 

3 

F 

4 

F 

B 

0 

32 

2 

0 

3 

F 

2 

0 

3 

A 

3 

F 

5' 

0 

0 

0 

33 

2 

1 

3 

F 

2 

1 

3 

A 

3 

F 

5 

1 

5 

0 

34 

2 

2 

3 

F 

2 

2 

3 

A 

3 

F 

5 

2 

A 

0 

35 

2 

3 

3 

F 

2 

3 

3 

A 

3 

F 

5 

3 

F 

0 

36 

2 

4 

3 

F 

2 

4 

3 

B 

3 

F 

5 

4 

4 

0 

37 

2 

5 

3 

F 

2 

5 

3 

B 

3 

F 

5 

5 

9 

0 

38 

2 

6 

3 

F 

2 

6 

3 

B 

3 

F 

5 

6 

E 

0 

39 

2 

7 

1 

3 

F 

2 

7 

3 

C 

3 

F 

5 

7 

3 

0 

40 

2 

8 

3 

F 

2 

8 

3 

C 

3 

F 

5 

8 

8 

0 

41 

2 

9 

3 

F 

2 

9 

3 

c 

3 

F 

5 

9 

D 

0 

42 

2 

A 

3 

F 

2 

A 

3 

D 

3 

F 

5 

A 

2 

0 

43 

2 

B 

3 

F 

2 

B 

3 

D 

3 

F 

5 

B 

7 

0 

44 

2 

C 

3 

F 

2 

C 

3 

D 

3 

F 

5 

C 

C 

0 

45 

2 

D 

3 

F 

2 

D 

3 

E 

3 

F 

5 

D 

1 

0 

46 

2 

E 

3 

F 

2 

E 

3 

E 

3 

F 

5 

E 

6 

0 

47 

2 

F 

3 

F 

2 

F 

3 

E 

3 

F 

5 

F 

B 

0 


FIGURE 5. New Row Start Look Up Table 


FUNCTION 

ADDRESS 

DATA 

INITIALIZED 

DATA 

Last Row # 

3F60 

XY 

17 

8080 Row # 

3F61 

XY ' 

00 

First Row # 

3F62 

XY 

00 

Character # 

3F63 

XY 

00 

CRTC Row# 

3F64 

XY 

00 

Row Save # 

3F65 

XY 

00 

Temp. 1 

3F66 

XY 

00 

Temp. 2 

3F67 

XY 

00 


COMMAND 

FUNCTION 

OUT 

40 

Clear new row start and vertical 



interrupt latches 

IN 

80 

Read keyboard 

IN 

40 

Read baud rate select switch 


FIGURE 7. Input/Output Space 


FIGURE 6. Reference Table 


DEVICE 


ROM 

RAM 

CRTC 

ACE 

0000 toOFFF 
3p00 to3FFF 
5000 to5FFF 

9000 to 9007 


^Direct device selecting was used 
to minimize the system component 
count 



NRS HIGH 

NRS LOW 

! NUMBER 

ADDRESS 

ROW 

ADDRESS 

ROW 

DEC 

HEX 

DATA 

DATA 

32 

2 0 

3 F 2 0 

3 A 

3 F 5 0 

0 0 


Row Start Address__ 
for Rovy 20H. 
3XXX Selects RAM. 
5XXX Selects CRTC. 


FIGURE 8. CPU Addressing Space 


FIGURE 9. Example From the New Row Start Look Up Table 
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ROW LOADING DETAILS 


Obtaining the next starting row address for the CRT 
controller is accomplished by an addressing and adding 
scheme from the new row start look-up table. The same 
scheme is used to determine any needed address, given 
the row number. 

Figure 9 shows a row number and address taken from 
the new row start look-up table.' 

The row number is loaded from the reference table in 
RAM to a register. The CPU determines the starting 
address from the row number and stores it in a 16-bit 
pointer register. The higher order 4 bits contain address 
for the RAM or the CRT controller, (Figure 8). 

Here are the details of how this is accomplished. Refer 
to the new row start interrupt in the software listing and 
Figure 9. 

The CPU D-E registers are loaded to point to a row 
number in the reference table. The number is put in the 
accumulator and moved into the E register. The D-E 
register in this example now contains 3F20 which points 
to NRS HIGH ROW DATA (3A)..The addressed data is 
moved to the accumulator and then to the H register. 
If it was desired to point to the CRTC then 20H would 
have been added to it first. The D-E register still con- 
tains 3F20H. To obtain the NRS LOW ROW DATA the 
E register is moved to the accumulator and 30H is added 
to it. Now the D-E register contains 3F50H and points 
to NRS LOW ROW DATA (OOH). The data is loaded to 
the accumulator and then to the L register. The H-L 
registers contain 3A00H which is the starting row address 
for row number 20H. The method just described is used 
throughout the terminals program to move the cursor, 
load the top of page, and load the new starting row 
address in the CRTC. 

VERTICAL INTERRUPT 

The vertical interrupt occurs when the CRTC has 
completed refreshing a video page (1920 characters) 
of information. Vertical blanking identifies that condi- 
tion and interrupts the CPU forcing it to the vertical 
interrupt routine. Refer to the vertical interrupt in the 
flow chart. The routine moves the first row number to 
the CRTC row number, updating it so the next new row 
start load occurs with the top of the page address or the 
first row of the video screen. 

KEYBOARD INTERRUPT 

The external keyboard requirements are ASCII outputs 
with a suitable strobe to interrupt the CPU for keyboard 
servicing. Refer to the keyboard interrupt in the flow 
chart. After the keyboard buffer is read the data byte 
is tested for a (CNTL E), new baud rate command. If the 
test fails the CPU writes the data byte to the ACE. 
Passing the test forces the CPU to read the baud switch 
and load the ACE with the new baud rate. 

ACE INTERRUPT 

As mentioned above, a data byte read from the keyboard 
that is not a baud rate command enters the accumulator. 
The CPU writes the data byte from the accumulator to 


the transmitter holding register in the ACE. The ACE 
proceeds to shift out the data byte, with the appropriate 
start and stop bits, serially from the (SOUT) output. 
The data is shifted to the serial input (SIN) of the ACE 
and loaded into the receiver holding register. When the 
register is full the ACE interrupts the CPU, initializating 
the ACE service routine. Refer to the ACE interrupt in 
the flow chart. 

The CPU reads the receiver holding register in the ACE. 
Reading the ACE resets the interrupt. The data byte 
now resides in the accumulator. The CPU tests for a 
control or an escape function. The function is executed 
if test conditions are met. Refer to the keyboard interrupt 
routine in the software listing. The data byte is written 
to the video RAM at the cursor address which appears 
on the monitor screen. The cursor and character numbers 
are incremented as long as it is not at the end of a row. 
A character at the end of a row requires further testing 
to recognize the following situations. Is it the last row 
on the monitor's screen? Or is it on the maximum row 
of the video RAM? Essentially, the cursor is forced to 
stay visible on the video monitor's screen and video 
RAM is always kept out of scratch pad RAM, (Figure 10). 



The video screen is allowed to scroll .only through the video 
RAM (OOOH to EFFH). The CPU keeps the video screen within 
these bounds by loading the new row start register with that 
address range only (row OOH to 2FH). 

FIGURE 10. Drum Analogy for the RAM 


FULL/HALF DUPLEX OPERATION 

The data terminal and a host computer in the full 
duplex mode of operation would receive the serial in- 
formation, process it, and send it back to the SIN 
input of ACE. Using the terminal in a stand-alone 
mode for testing, the serial out SOUT is tied to the 
serial in SIN of the ACE. In the half duplex mode 
a data byte is sent to the host computer at the same 
time it is sent to the terminal. When the data terminal 
is set up to communicate with a host computer the 
full duplex mode of operation is desirable. 
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DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART 


Initilization Keyboard Interrupt 
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DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 


New Row Start Interrupt 


Vertical Interrupt 


SAVE 8080 
REGISTERS 


SAVE 8080 
REGISTERS 


LOAD CRTC 
ROW# TO CRTC 


MOVE FIRST ROW# 
TO CRTC ROW* 


RESET INTERRUPT 
LATCH 


GET CRTC ROW ^ 
ADDRESS 



ZERO CRTC 
ROW# 


LOAD TO CRTC 
TOP OF PAGE 
REGISTER 


RESTORE 8080 
REGISTERS 


INCREMENT TO 
NEXT ROW# 


SAVE THE ROW# 


RESTORE 8080 
REGISTERS 


ENABLE 

INTERRUPTS 
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DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued> 
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I CIOOO 
' OOOCI 
I 0001 
0004 
: 0007 
! 0008 
1 OOOB 
; 0010 
. 0013 
' 0018 
! 0018 
' 0033 
I 0038 
003E 
: 0040 
! 0042 
^ 0043 
> 0044 
. 0045 
' 0048 
i 004A 
' 004i; 

I 004D 
004E 
: 004F 
; 0052 
^ 0055 


TITLE CRTC , 8080A 02/15 


,AL BRILL lOTT-JIM TROUTNER 

0060 LAE.TRDU) = 

0061 R0W80S0 = 

0062 FIR8TR0 = 

0063 CHARNUM = 

0064 CRTCROW = 

0065 ROWE.AVE = 

0066 TEMPI 

0067 TEMP2 

0063 IMASI 

=0000 


OOEO 
OOEC 
OOEF 
OOF 2 
00F5 
OOFS 
OOFS 
OOFE 
0101 
0104 
0107 
OlOA 
OlOD 
0110 
0113 
0116 
Oll'-T 


C31C01 

117E00 81200 
C3IC01 

115400 BISOO 
C31C01 

114C00 82000 
C31C01 

113F00 82400 
C31C01 

112A00 83600 
C31C01 

112000 B4S00 
C31C01 

111500 87200 
C31C01 

111000 89600 
C31C01 


JMP 

LXI 

JMP 

LXI 

JMP 

LXI 

JMP 

LXI 

JMP 

LXI 

JMP 

LXI 

JMP 

LXI 

JMP 

LXI 

JMP 


ACELD 
D, 0007E 
ACELD 
D, 00054 
ACELD 
D, 0004C 
ACELD 
D, 0003F 
ACELD 
D, 0002A 
ACELD 
D, 00020 
ACELD 
D, 00015 
ACELD 
D, 00010 
ACELD 


C34F02 
210030 INIT 
0E2O 


C24200 

OEOO 

3E40 


C24C00 

CDS700 

i:D9300 


S 0058 21003F 

> 0058 11303F 
) 005E 010030 

, 0061 70 f 

: 0062 79 
; 0063 12 
^ 0064 C650 
) 0066 4F 

> 0067 78 

' 0068 CEOO 
S 006A 47 
' 0068 2C ' 

) 006C 1C 
, 006D 78 
: 006E FE60 
l; 0070 C 26 100 


0093 

0094 
0096 
0098 
009A 
009D 
009F 
00A2 
00A4 
00A7 
00A9 
OOAC 
OOAE 
0081 
0083 
0086 
0088 
0088 
OOBD 
OOCO 
OOC2 
OOC5 
00C7, 
OOCA 
OOCC 
OOCF 
OODl 


D5 I 

DB40 

E60F 

FEOO 

CAD400 

FEOl 

CADAOO 

FE02 

CAEOOO 

FE03 

CAE600 

FE04 

CAECOO 

FE05 

CAF200 

FE06 

CAFSOO 

FE07 

CAFEOO 

FE08 

CA0401 

FE09 

CAOAOl 

FEOA 

CAlOOl 

FE08 

CA1601 


00D4 116305 8110 
00D7 C31C01 
OODA 11F303 8150 
OODD C31C01 
OOEO 11F901 8300 
00E3 C31C01 
00E6 llFCOO 8600 


=0008 
JMP 
=0010 
JMP 
= 0018 
JMP 
=00 38 
JMP 
LXI 
MV I 
MV I 
MOV 
INX 
CMP 
JNZ 
MV I 
MVI 
MOV 
INX 
CMP 
JNZ 
CALL 
CALL 


VERT I 
H, 03000 
C , 020 
A, 0 3F 


CLRAM 
C , 000 
A, 040 
M, C 


CLRAM 1 
HMC UR 
BAUD 


-DISABLE INTERRUPTS. 

. LOAD 8TAO POINTER 
-.JUMP TO IN I TIL I ZE ROUTINE 

- NEW ROW START INTERRUPT 
-ACE INTERUPT 

- I EYE:OARD INTERUPT 

-VERTICAL INTERUPT 
- 18T RAM ADDRESS 
-ASCII SPACE INTO C REG 

- MAX RAM ADDRESS 
-ASCII SPACE INTO MEM 

- NEXT RAM ADDRESS 

- MAX RAM ADDRESS’' 

-IF NO THEN NEXT ADD 


one 010390 ACELD 
OllF 3E83 
0121 02 
0122 OEOl 

0124 7 A 

0125 02 

0126 OEOO 
0128 78 


012 ‘ 


02 


-NEW ROW START LOOl UP TABLE GENERATION 


LXI 

LXI 

LXI 

MOV 

MOV 

STAX 

ADI 


MOV 
INR 
I NR 
MOV 
CPI 
JNZ 


H- 03F00 
D- 03F30 
8- 03000 


A- E 

LASTROW 

NRS 


-N R S HIGH ADDRESS 
-NR S LOW ADDRESS 
-NRS ADDRESS DATA 

- STORE TO NRS DATA TABLE ‘ ' 
-N.R S DATA LOW TO ACC 

- STORE TO NRS DATA TABLE L 

- ACC READY FOR NEXT LOAD 
, ACC TO N R S DATA HIGH 
- N R S DATA TO ACC 

-ADD CARRY BIT TO DATA HIGH 

- MOVE RESULT TO N R S DATA H 
•- INCREMENT NRS HIGH ADD 

- INCREMENT NRS LOW ADD 
-NRS ADD LOW TO ACC 

- MAX TABLE ADDRESS 

- IF FALSE JUMP 


-REFERENCE TABLE INITILIZE 


-CLEAR PERIPHERAL INTERRUPT FLOPS 


012A OEOS 
012C 79 
01 2D 02 
012E OEOl 

0130 79 

0131 02 

0132 OEOO 

0134 D1 

0135 C9 


0136 DBSO ] 
01 3S FE 

0139 FE05 
0138 CA9300 
013E FE12 

0140 CA4803 
0143 FE13 
0145 CA5403 

0148 02 

0149 C9 


-ACE LOAD ROUTINE 

LX I 8, 09003 

MVI A- 083 

STAX 8 

MVI C-001 

MOV A- D 

STAX B 

MVI C, 000 

MOV A. E 

STAX 8 

MVI C- 003 

MOV A- C 

STAX 8 

MVI C, 001 

MOV A- C 

STAX 8 

MVI C-OOO 

POP D 

RET 


- KEYBOARD INTERRUPT ROUTINE 


1200 BAUD DIVISOR 
1800 BAUD DIVISOR 
2000 BAUD DIVISOR 
2400 BAUD DIVISOR 
3600 BAUD DIVISOR 
4800 BAUD DIVISOR 
7200 BAUD DIVISOR 
9600 BAUD DIVISOR 


-POINT 8 C TO ACE 
- INIT BAUD LOAD - 8 BITS 
, DO INIT BAUD LOAD 
-POINT TO BAUD HIGH 
-GET BAUD HIGH 

- STORE BAUD HIGH TO ACE 
-POINT ACE TO BAUD LOW 

- GET BAUD LOW 

- STORE BAUD LOW TO ACE 
-RESET DLAB TO ZERO 

, INIT ACE T/R 
, PUT TO ACE 

- INTERRUPT ENABLE REO 
-SELECT RECEIVED DATA INTERP" 
-LOAD IT 

, RESTORE B-C ACE POINTER 
-RESTORE D-E REGISTERS 

- RETURN 


080 

005 

BAUD 

012 

IVERTN 

013 

IVERTR 


, ACE INTERUPT ROUTINE 


- READ KEYBOARD 
-ENABLE INTERRUPTS 
-NEED BAUD RATE'- (CNTL E) 

- IF YES GO TO BAUD .ROUTINE 

- INVERT NEXT CNTL R 

- INVERT ROW CNTL S 


01 4A OA INTACE LDAX 

0148 FB El 

014C FE7E CPI 

014E CA7001 JZ 

0151 FE7F . CPI 

0153 CA7001 JZ 

0156 5F MOV 

0157 E660 AN I 

0159 CA7001 JZ 

015C 3A683F 
015F 83 

0160 77 


LDA 

ORA 

MOV 


07E 
FUNC 
07F 
FUNC 
E- A 
060 
FUNC 
03F68 
E 

M, A 


-•SET UP POINTERS 


' 007 A 11603F 
i 007D 210030 
> 0080 010090 


i 0087 210050 HMC UR 
> 008A 3E02 
) 008C 77 
I 008D 3C 
; OOSE 77 
:i OOSF 210030 
I 0092 C9 


LXI 

LXI 

LXI 


D, 03F60 
H. 03000 
B. 09000 


- POINT D-E TO REFERENCE TABLE 
-POINT H-L TO 1ST RAM LOCATI" 
-POINT B.-C TO ACE 


-WAIT LOOP FOR INTERUFTS 


-HOME UP CURSOR 

LXI H- 05000 

MVI A- 002 

MOV ■ M- A 

INR A 

MOV M, A 

LXI H- 03000 

RET 

- BAUD RATE SELECT 


040 

OOF 

000 

BllO 

001 

B150 

002 

B300 

003 
B600 

004 
B1200 

005 
El SCO 

006 
B2000 

007 
B2400 

008 
E3600 

009 

E4S00 

OOA 

E7200 

OOB 

E9600 


- BAUD RATE SET UP ROUTINES 


- POINT B-C TO CRTC 
-TOP REGISTER SELECT 

- T. 0 P LOAD 

- CURSOR REGISTER SELECT 

- CURSOR LOADS TO T 0 P 
-POINT H-L TO 1ST RAM ADD 

- RETURN 


' 212 

213 

214 

215 

216 

217 

218 
'219 

220 

221 

222 


0161 1E63 I 

0163 lA 

0164 23 

0165 FE4F 
0167 CABEOl 
016A C601 
016C 12 
016D C3B301 


-ADVANCE CUR-SOR 

MVI E, CHARNLir 

LDAX D 

INX H 

CPI 


04F 

NXRO 

001 


- SAVE D-E REGISTERS 

- READ BAUD SELECT CODE 

- ZERO THE HIGH ORDER 4 BITS 

-no BAUD ROUTINE 

- 150 BAUD ROUTINE 
-300 BAUD ROUTINE 
-600 BAUD ROUTINE 

, 1200 BAUD ROUTINE 

- 1800 BAUD ROUTINE 

- 2000 BAUD ROUTINE 

- 2400 BAUD ROUTINE 

- 3600 BAUD ROUTINE 
-4800 BAUD ROUTINE 

- 7200 BAUD ROUTINE 

- 9600 BAUD ROUTINE 


LXI 

JMP 

LXI 

JMP 

LXI 


D- 00563 
ACELD 
D- OOSF 3 
ACELD 
D- 001F9 
ACELD 
D, OOOFC 


-no BAUD DIVISOR 

- GO TO ACE LOAD ROUTINE 

- 150 BAUD DIVISOR 

- 300 BAUD DIVISOR 

- 600 BAUD DIVISOR 


226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 
257 

238 

239 

240 

241 


244 

245 

246 

247 

248 

249 

250 
-251 

252 

253 

254 

255 

256 

257 
958 

259 

260 
261 
262 

263 

264 

265 


0170 

0171 
0173 
0176 
0178 
0178 
017D 
0180 
0182 
01.85 
0137 
018A 
Oise 
018F 
0191 
01-94 
0196 
0199 
019B 
019E 
OlAO 
01A3 
01A5 
01A8 
OlAA 
OlAD 
OlAF 
01B2 


78 F 

FEOl 

CAOOOO 

FEOD 

CA6E02 

FEll 

CA7E02 

FEOC 

CA6101 

FE02 

CAA402 

FEIA 

CAE502 

FEOA 

CA8D02 

FE08 

CAE002 

FEOB 

CAF102 

FE18 

CA3003 

FE07 

CA4503 

FE12 

CA4803 

FE13 

CA5403 

C9 


ADI 
STAX D 

JMP PCUR 

-TEST FOR FUNCTION 


001 

START 

OOD 

CR 

on 

SAVRO 
OOC 
ADC UR 
002 
HOME 
OlA 
SWAP 
OOA 
LF 
008 
BS 
OOB 
UPCUR 
018 
CLROW 
007 
BELL 
012 
IVERTN 
013 
IVERTR 


, SAVE CHAR IN REG E 
-MAS^ OUT BITS FOR CNTL TEST 
, IF ZERO .JMP TO CNTL FUNC 
-LOAD INVERT MASK 

- OR MASK AND C HAR 

- STORE DATA BYTE TO RAM 


-POINT 8-C TO CHAR # 

- LOAD CHAR # TO ACC 
-NEXT CHAR LOCATION 

- LAST CHAR OF R0W9 

- IF TRUE JUMP TO NEXT ROW 

- INCREMENT CHAR # 

- STORE CHAR # TO RAM REF 

- PUT CURSOR 


-HOME AND CLEAR CNTL A (SOH) 
-CARRAGE RETURN 
-SAVE ROW # CNTL Q (DCl) 
-ADVANCE CURSOR CNTL L <FF) 
-HOME UP CNTL 8 (STX) 

-SWAP CNTL Z (SUB) 

- LINEFEED 

- BACKSPACE CNTL H (BS) 

-UP CURSOR CNTL K (VT) 

-CLEAR ROW CNTL X (CAN) 

-RING BELL CNTL G (BEL) 

, INVERT NEXT CNTL R (DC2) 

- INVERT ROW CNTL S (DCS) 

- RETURN 


-STORE CURSOR TO CRTC FROM H-L REGISTERS 


01B3 7C 
01B4 C620 
01B6 67 
01 B7 3603 
01B9 7C 
OIBA D620 
OIBC 67 
OIBD C9 


OIBE CDDCOl NXRO 
OlCl CDF301 
01C4 E5 CLROW; 

0IC5 1E60 
01C7 lA 
01C8 C601 
OKA FE30 
OICC CAD701 


020 
H- A 
M- 003 


MOV 

ADI 

MOV 

MVI 

MOV 

SUI 

MOV 

RET 


-LAST ROW ON SCREEN 


CALL 

CALL 

PUSH 

MVI 

LDAX 

ADI 

CPI 

JZ 


E, LASTROW 
D 

001 

030 

ROZERO 


- H REG TO ACC 

- SET H-L REG TO CRTC ADD 
-H IS CRTC ADD 
-CURSOR REGISTER SELECT 

- H REG SET BACl TO VIDIO RAM 

- ADDRESS 

- RETURN 


-00 TO NEXT ROW SUBROUTINE 

- ZERO CHARACTER 

- SAVE H- L 

-POINT D-E TO LASTROW 


Continued on page 5-42 
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FEATURES 

■ Keyboard input port 

■ Serial I/O up to 9600 baud 

4k bytes RAM 
Ik byte ROM 

■ 2 video pages 

■ 80 X 24 characters 

■ 5x7 character font, 7x10 
field size 

■ Block cursor 

■ Single crystal 

■ Maximum CPU time/frame 
without line buffers 

■ Line or page scroll capa- 
bility 

■ Full cursor control 

■ Complete software flexi- 
bility 

■ Modem control capability 

■ Low component count 

■ Field reverse 

■ Clear screen, clear row, 
home and clear 

■ Row swap (row inter- 
change) 













HORIZONTAL SYNC 
► VERTICAL SYNC (NOTED 


EN Mrr HOR VERT LINE 

buff , 

CLK TO 8080 8^ 

HOLD 


Note 1 : See DP8350 data sheet 
Note 2: SW open reverses video 


for sync details, 
page. 


RATE LINE 

Cl LCZ LC3 CUR CLK UNIT 

Is 1 7 fi ii9 ii3 nr 


NEW ROW START LOGIC 


Parts: 

1 - DP8350 
1 - DP8228 
1 - DP8224 
1 - INS8080A-2 
1 - INS8250 
8 - MIVI5257 
1 - MM2708 

1 - DM81 LS95 

or DM81 LS96 

2 - DM74LS32 
(Vcc14,7GND) 

1 - DM74LS74 
(Vcc14.7 GND) 

1 - DM74LS08 
{Vcc14,7GND) 

1 - DM74LS04 
(Vcc'I4,7GND) 

1 _ DM74LS73 
(Vcc14,11 GND) 
1 - DM74365 

1 - DM74148 
1 - DM7474 
1 - DP8212 
1 - DM74LS86 

1 - DM8678CAB 

2 — Res. arrays, 

3.3I< 

1 -21.84 MHz 
Xtal 

Bypass capacitors 
on all parts 


I BUS EXAMPLE •=■ 

I 


CHAR GEN/LATCHT 


1/4 DS148B 

1/4 0S1488 

RS-232 

CONNECTOR 

^ 1/4 OS1489 
1/4DS1489 

1 ^1/4 051489 

20 

8 

s 

1 1/4DS1488 


1/4 DS1489 



1 

^S-232 1 

' 


KB INPUT I 

PORT Ai (!>i9 
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> OICF CDSVJ2 irjopr, 
’ 01D2 CD'5£!03 
( FI 

' OID-t C9 


. 01 DC lEtO r 
' OIDE lA 

; o:df ek 

’ 01 EO 23 
I OlEl EE 
01E2 CA0Vj2 


01E7 DE 
01E8 CAFEOl 
OlEB 34 
01 EC EE 
OlED 1E4.1 
OlEF C 08202 
' 01F2 C'-> 


. 01 F3 3E00 ZCHAF 
' OlF^i 3263 3F 
I 01 F8 C3E301 


302 OlFB 3600 

303 01 FD 2E00 

304 OlFF ^,6 

305 0200 2E30 

306 0202 5E 

307 0203 EE 

308 0204 C9 


LOAD H, L WITH ADD OF LASTAO 4oO 


JZ ZFOW 

INR M 

XCHO 

MV I E . f<0H8080 

CALL LDHI 

PET 


POINT D-E PEG TO LAST ROW 
PUT LAST ROW « TO ACC 
f/thanoe h-l with D-E 
H-L IS NOW AT 3080 ROW U 
COMPARE LAST ROW « WITH 
8080 ROW It IF TRUE SCROLL 


. TFST FOP MA/ ROW AND 
. JUMP TO ZERO ROW IF TRUE 
. ZERO ROW 

. INCREMENT THE 8030 ROW # 
.POINT H-l TO CHAR 4 


. PUT CHAR 4 TO ZERO 
, AND STORE 

,00 TO PUT njPSUR ROUTINE 


8080 ROW 4 TO ZERO 

N P S ADDRESS HIGH 

N P S DATA HIGH TO D REG 

N R S ADDRESS LOW 

N p S DATA LOW TO E PEG 

EXCHANGE H-L WITH D-E 

RETURN 


401 

402 026E 1E63 CR 

403 0270 3E00 

404 0272 12 

405 0273 lE6l' 

406 0275 CD8202 

407 0278 C3B301 

408 

409 

410 

411 027E 1E61 SAVPO 

412 027D lA 

413 027E 1E65 

414 0280 12 

415 0281 C9 


.CURSOR TO THE BEGINNING OF R 


.POINT D-E TO 8080 P0W4 
, PUT 3080 ROW 4 TO ACC 
.POINT D-E TO ROW SAVE 
. STORE ROW SAVE 4 IN REF TAB' 
. RETURN 


. ROW DATA LOAD ROUTINE 


I 02SD CDDCOl LF 
i 0290 CDC40i 
I 0293 1E61 
; 0295 CD8202 

> 0298 3A633F ADDCH 
' 029B 85 

i 029C 6F 

> 029D 7C 

> 02 9E CEOO 
1 02 AO 67 

; 02A1 C3E201 


LOAD ACC WITH D-E DATA 

POINT D-E TO N R S DATA HI 

ROW 4 TO N P S DATA HIGH 

ROW 4 TO H PEG 

PUT 1ST ROW 4 TO ACC 

ACC TO N P S ADD LOW 

POINT D-E TO N P S DATA LOW 

POW 4 TO N P S DATA LOW 

POW 4 TO L PEG 

RETURN 


.DO NEXT POW SUBROUTINE 

.OFF SCREEN CLEAR ROW ROUTINE 

, MOVE REFERENCE POW 4 TO H-L 

. LOAD H-L 

. CHAP 4 TO ACC 

, ADD THE CHAP 4 TO THE 

.FIRST POW ADDRESS 

. IF A CARP/ OCCUPED ADD TO 

. THE DATA HIGH 

, H-L POINTS TO LINE FED POW 

.PUT CURSOR TO LINE FED POW 


: 0205 2B SCROLL 

I 0206 3E2F 
I 0208 BE 
i 0209 CA1902 
. 020C 34 


I 020D 2E62 I 
020F BE 
; 0210 CA1E02 


' 0225 F5 I 

> 0226 E5 
0227 D5 

! 0228 11643F 
! 022B lA 
I 022C 5F 
i 022D lA 

> 022E '0620 
' 0230 67 

i 0231 7E 


> 0236 6F 

) 0237 3601 
I 0239 D340 

> 023B 1E64 
i 023D lA 

r 023E FE2F 
3 0240 CA4A02 

> 0243 3C 

) 0244 12 I 

1 0245 D1 
I 0246 El 
J 0247 FI 
» 0248 FB 
3 0249 C9 


POINT H-L TO LAST R0W4 
BEFORE SCRATCH TABLES 
TEST FOR THE LAST ROW 
JUMP TO ZERO LAST ROW IF TP 
INCREMENT TO NEXT POW 


.POINT H-L TO FIRST R0W4 
. IS FIRST LOW = TO LAST POW 
..JUMP TO ZERO FIRST P 
. INCREMENT TO NEXT POW 
. POINT H-L TO 8080 POW 
.GO TO INCREMENT ROW ROUTINE 


.PUT FIRST P0W4 TO ZERO 
.POINT H-L TO 8080 ROW 
, .GO TO increment ROW ROUTINE 


.NEW POW START INTERRUPT 


.POINT D-E TO CRTCPOW 4 
.LOAD ACC WITH CRTC POW 4 
,N p S DATA ADD HIGH TO E 
.ROW DATA HIGH INTO ACC 


, ACC TO N R S DATA LOW 
.NFS data ADD LOW TO E REG 
.ROW DATA LOW TO ACC 
. N P S DATA ADD LOW INTO L 
. STORE N R S TO CRTC 
.RESET NFS AND VERT INTER" 


. TEST FOR CP'TC MAX ROW 
. 11^ TRUE ZEi='0 ACC 
. INCREMENT TO NEXT ROW 
. STORE NEXT POW NUMBER 


, 02A4 IE62 HOME 
’ 02A6 lA 
! 02A7 1E61 
' 02A9 12 
I 02AA CD8302 
02AD 3E00 
: 02AF 32633F 
1 02B2 C3B3G1 


' 02B5 1E65 SWAP 
! 02B7 CD8202 

> 02BA 22663F 

> G2ED 1E61 
02BF CD8202 

: 02C2 1E65 
! 02C4 lA 
I x^2C5 5F 
; 02C6 7C 
. 02C7 12 
’ 02C8 7E 
! 02C9 C63C. 

' 02CB 5F 
- 02CC 7D 
G2CD 12 
' 02CE 2A663F 
i 02D1 1E61 
^ 02D3 lA 
) 02D4 5F 
i 02D5 7C 
' G2D6 12 
j 02D7 7E 

> 02D8 C630 
) 02DA 5F 

: 02DB 70 
: 02DC 12 
i 02DD C3''-'802 


487 02E0 1E63 I 

488 02E2 lA 

489 02E3 FEOG 

490 02E5 CAEEC-2 

491 02E8 3D 

492 02E9 12 

493 02EA 2E 

494 02EB C3B301 


. MOVE REFERENCE ROW TO H-L 
. PUT CHAR 4 BACK 
. TO ZEPO 

. RUT CURSOR HOME 


TORE ROW SAVE 4 TO TEMP 
01 NT D-E to 8080 POW 4 f 
UT ADDRESS IN H-L REG 
OINT D-E TO ROW SAVE 4 t 


. TO ZEPC ."JMR 
. DECREMENT CHAR 
STORE DESREmeN' 


j 024F F5 

> 0250 E5 
’ 0251 D5 

i 0252 1E62 

> 0254 lA 

') 0255 1E64 
1 0257 12 
I 0258 E63F 
'i V25A 5F 
» 025B lA 
3 025C C620 
i. 025E 67 
^ 025F 7B 
5 0260 C630 

> 0262 5F 
) 0263 lA 
I 0264 6F 

1 0265 3602 
5 0267 D340 
1 0269 D1 
5 026A El 
026E FI 
y 026C FB 
3 026D C9 


. EACv TC 5050 ROW 4 


.POINT D-E TO FIRST ROW 4 
. LOAD 1ST POW 4 INTO ACC 
POINT D-E TO CRTCPOW 4 
. UPDATE CPTCPOW 4 
. REMOVE MARKER 

.POINT H L TO CRTC* FIRST POW 


. RESTORE ACC AND FLAGS 


30 0318 2E61 

31 031A 7E 

32 03 IE C3FE02 
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534 03 IE 3E2F R048 

535 0320 77 

536 0321 C30I03 

537 

538 0324 3E2F FR043 

539 0326 77 

540 0327 C30F03 

541 

542 032A 3E2F LR048 

543 032C 77 

544 032D 031803 

545 

546 

547 

54S 0330 CD3603 CLROW. 

549 0333 C36E02 

550 

551 0336 1E61 CLROW 1 

552 0338 CDS202 

553 033B 3E50 CLR0W2 

554 033D 3620 L00P4 

555 033F 3D 

556 0340 CS 

557 0341 23 

558 0342 C33D03 

559 

560 0345 D301 BELL. 

561 0347 C9 

562 

563 0348 AF IVERTN 

564 0349 1E6S 

565 034B lA 

566 034C 17 

567 034D DA5203 

568 0350 3E80 

569 0352 12 RESET 

570 0353 C9 

571 

572 0354 E5 IVERTR 

573 0355 1E61 

574 0357 CD8202 

575 035A 1E50 

576 035C 7E L00P6’ 

577 035D 17 

578 035E DA7003 

579 0361 IF 

580 0362 F6S0 

581 0364 77 EACk2 

582 0365 23 
533 0366 7B 

584 0367 FEOl 

585 0369 CA7603 

586 036C ID 

587 036D C35C03 


MVI A. 02F 

MOV M, A 

JMP LOOPl 

MV I A. 02F 

MOV M, A 

JMP L00P2 

MV I A. 02F 

MOV M, A 

JMP L00P3 

i CLEAR ROW ROUTINE 

CALL CLROW 1 

JMP CR 

MV I E. R0W808O 

CALL LDHL 

MVI A, 050 

MV I M, 020 

DCR A 

RZ 

INX H 

JMP L00P4 

OUT 001 

RET 

XRA A 

MVI E, I MASK 

LDAX D 

RAL 

JC RESET 

MVI A, 080 

STAX D 

RET 

PUSH H 

MVI E, R0W80S0 

CALL LDHL 

MVI E, 050 

MOV A, M 

RAL 

JC RESET 1 

RAR 

OR I 080 

MOV M, A 

INX H 

MOV A, E 

CPI 001 

JZ DONE 

DCR E 

JMP L00P6 


; CHANGE 8080 ROW » 
iTO 23D AND STORE 
.JUMP TO POINTER EXCHANGE ROU 


.PUT THE 1ST ROW TO 
. 17H 

■ JUMP TO SOSO ROW # STORE 


. PUT ROW DATA IN H-L REG 
, INTILIZE LOOP COUNTER. 
.STORE ASCII SPACE IN MEM 
. DECREMENT LOOP COUNTER. 

. RETURN IF ZERO BIT IS SET 
.NEXT LOCATION 
.CLEAR NEXT LOCATION. 

.RING BELL 


.POINT D. E TO MASK 
,CK BIT 8 STATUS 

, INVERT BIT 8 
. STORE OUT NEW MASK 


.LOAD 1ST ADD OF SOSOROW TO 
, SET COUNTER 
. GET CHAR 

.CK BIT 8 STATUS AND INVERT 


, MASK BIT 8 HIGH 
.STORE MOD CHAR TO MEM 
, POINT TO NEXT MEM 


.RETURN IF COUNT = ZERO 
. DEC COUNTER 


A 0007 
B 0000 
B1800 00F2 
B3600 0104 
B9600 0116 
BAUD 0093 
CHARNU 0063 
CLROW 1 0336 
CRTCRO 0064 
FIRSTR 0062 
HMCUR 0087 
INIT 003B 
IVERTR 0354 
LDHLl 0283 
L00P2 030F 
L00P6 035C 
NRS 0061 
PSW 0006 
ROLO 020D 
SAVRO 027B 
SWAP 02BS 
UFROW 02EE 
ZCRTC 024A 


ACELD one 
BllO 00D4 
B2000 OOPS 
B4800 OlOA 
BACK 0083 
BELL 0345 
CLRAM 0042 
CLR0W2 033B 
D 0002 
FR04S 0324 
HOME 02A4 
INTACE 014A 
L 0005 
LF 02SD 
LOOPS 0313 
LR043 032A 
NXRO OlEE 
RESET 0352 
R0W803 0061 
SCROLL 0205 
TEMPI 0066 
UPSCL 0308 
ZFRO 02 IE 


ADCUR 0161 
B1200 OOEC 
B2400 OOPE 
B600 00E6 

EACKl 02FB 
BS 02E0 

CLRAMl 004C 
CLR0W3 01 C 4 
DONE 0376 
FUNC 0170 
I MASK 0068 
INTKB 0136 
LASTRO 0060 
LOOP 0244 
L00P4 03 3D 

M 0006 

NXROl OlDC 
RESET 1 0370 
ROWSAV 0065 
SP 00C>6 

TEMP2 0067 * 
VERT I 024F 
ZLRO 0219 


ADDCH 0298 
B150 OODA 
B300 OOEO 
B7200 0110 
BACK 2 0364 
C 0001 
CLROW 0330 
CR 026E 
E 0003 
H 0004 
INCRO 01E5 
IVERTN 0348 
LDHL 0232 
LOOPl 0301 
LOOPS 01 CP 
NEWRO 0225 
FOUR 01B3 
R048 031 E 
ROZERO 01D7 
START 0000 
UPC UR 02FI 
ZCHAR 01F3 
ZROW OlFB 


NO ERROR LINES 
SOURCE CHECKSUM = 403F 
OBJECT CHECKSUM = 0P51 
INPUT FILE 1 CRT80A SRC ON JIMFM 
OBJECT FILE 1 CRTSOA LM ON JIMFM 


589 0370 IF RESET 1 RAR 

590 0371 E67F AN I 

591 0373 C36403 JMP 

592 

593 0376 El DONE POP 

594 0377 C9 RET 

595 0000 END 


07F .RESET BIT 8 

BACKS 

START 


DEFINITIONS 

ACE — Asynchronous communication element 

CRTC — Cathode ray tube controller 

Video Page — Visible screen data 

Video RAM — Entire portion of RAM used only 

for display 

First Row # — Address for top row of video page 

Last Row # — Address for bottom row of video page 

CRTC Row # — Address for next row load 

8080 Row # — Address for cursor row 

Character # — Character location in a row 

XXXH are hexidecimal numbers 


REFERENCES 

National Semiconductor Data Sheets; 

DP8350 Series Programmable CRT Controllers 
INS8250 Asynchronous Communications Element 
DM8678 Bipolar Character Generator / 

INS8080 Assembly and Reference Manuals 

National Semiconductor Application Notes: 

Simplify CRT Terminal Design with the DP8350, 
AN-198 

DM8678 Bipolar Character Generator, AN-167 

Data Bus and Differential Line Drivers and Receivers, 
AN-83 

Transmission Line Characteristics, AN-108 

Hardware Reference Manual BLC 80/10 Board Level 
Computer. National Semiconductor Microcomputer 
Systems Chapter 6 — System Interfacing. 
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Graphics Using the DP8350 
Series of CRT Controiiers 


The DP8350 CRT Controller series is a versatile building 
block for both low and high-end CRT terminal applica- 
tions. This application note demonstrates how the 
DP8350 may be used in CRT graphics applications. 
Although this presentation is general, when specific 
examples are given the DP8350 ROM programmed 
version of the DP8350 series will be used (80 characters 
per row, 24 character rows, 5x7 character, 7 x 10 
character field size). 

BACKGROUND INFORMATION 

The basic function of the DP8350 CRT controller is to 
control the elements of the "video loop" (Figure 1). A 
memory address generated by the CRT controller is 
presented to the CRT memory, which stores a record of 
what appears on the CRT display. The character gen- 
erator converts this stored information into serial video 
data to the CRT monitor. The intensity of the CRT 
electron beam is modulated by this video data and its 
position is controlled by the horizontal and vertical sync 
pulses generated by the CRT controller. 

The CRT screen video area is divided into character cells 
(Figure 2). Each cell has a unique CRT memory address. 
The DP8350 must present the correct character cell 
address to the CRT memory at the appropriate CRT 
beam location. Use of the line counter outputs of the 
DP8350 make possible the subdivision of each char- 
acter cell address into the unique scan line of the present 
CRT beam location. 

For the DP8350 and its unique internal ROM program 
format, each character cell is composed of 70 dots (7 
dots wide and 10 dots high) Figure 3. When using the 
DP8350, each of these dots may be active video data. 
Typically however, in alphanumeric display systems, the 
character generator will provide cell to cell character 
spacing on the CRT screen by blanking some number of 
rows and columns of dots. That is why the DP8350's 
7x10 dot field is used with a 5 x 7 character generator 
(2 horizontal and 3 vertical dot spaces). 

In fact, it is the character generator that restricts the use 
of the full character cell dot field, not the DP8350! 
Using a character generator which allows video on every 
scan line and all dots of the cell width, makes graphic 
capability possible. This type of graphic display genera- 
tion is called "character generator graphics." 

All of the dots on the CRT display may also be inde- 
pendently controlled by a separate CRT memory address 
location; this is called "memory mapped graphics." 


National Semiconductor 
Application Note 212 
Charles Carinalli 
December 1978 


Both of these graphics display generation techniques will, 
be discussed here, with demonstrations of how the 
DP8350 series may be used to reduce total component 
count. 


CHARACTER GENERATOR GRAPHICS 


In this graphics system (Figure 4) the character generator 
block contains a ROM that has been programmed with 
graphic symbols whose size is contained within the 
character cell size. This ROM may at the same time 
contain alphanumeric characters that do not use the 
full character cell size. 

The block representation and operation of this system is 
the same as the alphanumeric's system previously de- 
scribed. The CRT memory presents the same character 
cell data to the character generator on every scan line of 
that character cell address. The character generator ROM 
is organized with addresses defining a particular symbol 
and addresses defining which scan line of a character row 
the CRT electron beam is currently on; thus defining 
the video data for that scan line of the symbol. The 
scan line address data comes directly from the DP8350. 
The parallel data that results is video data for that screen 
address cell width. This data is then serially shifted to the 
CRT monitor with a parallel to serial shift register. 

This system allows every scan line of a character row to 
have active video information; thus the graphics symbol 
may be programmed to all sides of the character cell 
providing continuity from cell to cell both horizontally 
and vertically. At the same time, the alphanumeric's 
character may be programmed with cell to cell spacing. 

Character generator graphics is the simplest most cost- 
effective approach to CRT graphics. It requires a mini- 
mum of software development and hardware support. 
The DP8350 CRT controller provides all the required 
timing and control pulses for the CRT memory, character 
generator, and CRT monitor. 

Graphics capability with this system, however, is some- 
what limited since individual dot control is not possible; 
only character cell symbol control is available. This 
system does apply well in such applications as bar 
graphs, circuit schematics, or flow charts and when 
these need to be combined with alphanumeric data. 
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"VIDEO LOOP" 



FIGURE 1. Elements of the "'Video Loop" 
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FIGURE 2. CRT Screen Ceil Address Map Presented to 
CRT Memory by the DP8350 (Top of Page Register 
Contains Address Q) Character Cells Per Row = 80 
Character Rows Per Frame == 24 
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FIGURE 3. The DP8350 Character Cell is 
7 Dots Wide and 10 Dots High 




FIGURE 4. Character Generator Graphics 
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CHARACTER GENERATOR GRAPHICS-WITH 
LINE BUFFERS 

Modification of the character generator graphics block 
diagram is possible with the addition of a recirculating 
line buffer placed between the CRT memory and the 
character generator (Figure 5). In this case the character 
generator addresses for a character row are loaded 
serially into this shift register on the scan line before the 
first video scan line of a character row. These addresses 
are then recirculated for the number of scan lines per 
character row minus one (then the next character row of 
addresses is loaded). This system allows access to the 
CRT memory by the system controller on all but one 
scan line of a video character row. In contrast, the 
system previously described would have allowed access 
only during blanking intervals. In systems that require 
heavy access to the CRT memory to update screen 
information, this approach is very attractive. 

In this case, as before, all the required control pulses for 
the "video loop" are provided by the DP8350 CRT 
controller. 

MEMORY MAPPED GRAPHICS 

If a very high resolution graphics display is required, 
every dot of the CRT display may be independently 
controlled. In this case, every dot of the CRT screen 
may be mapped to a specific CRT memory data bit-thus 
the name Memory Mapped Graphics. This type of 
system is obviously a more costly type of graphics, since 
to control every dot not only is there a need for more 
CRT memory, but the microprocessor overhead in such 


a system will be greater— both software and hardware. 
In any case, the DP8350 easily adapts to such a system 
as demonstrated in Figure 6. 

In this approach, if you subdivide each character cell 
such that each scan line of the cell may be independently 
addressed, then from, the CRT memory block instead of 
8 bits of data defining a character cell code to the 
character generator, you get 8 bits of direct video data. 
Then the CRT memory block serves double duty-CRT 
memory storage and symbol or character generator. All 
that is left to do is convert this parallel video data to 
serial video data as before. 

In the case of the DP8350 internal ROM format program, 
each cell is 7 dots wide; thus only 7 bits of video data 
are needed per character cell/scan line address. The 
DP8350 addresses the memory block as before with the 
character cell address, but in this case also with the scan 
line address. In this manner, the DP8350 series has a 
maximum address capability of 16 bits (64k). 

yARIATIONS 

If memory mapped graphics is desirable but standard 
alphanumerics is also required, combination of these 
techniques is possible. For example, if only a small 
portion of the CRT screen need be memory mapped and 
the remainder can be character generator alphanumerics 
and/or graphic symbols. In this case a higher order data 
bit from CRT memory defines whether the lower order 
data bits are graphics video data or ASCII and graphics 
symbol code. Figure 7 is a block diagram of such a 
system. 


M 

I 

c 

R 

0 

P 

R 

0 

C 

E 

S 

S 

0 

R 

S 

Y 

S 

T 

E 

M 

I 

N 

T 

E 

R 

F 

A 

C 

E 


CHARACTER 



C 

R 

T 

M 

0 

N, 

I 

T 

0 

R 

I 

N 

T 

E 

R 

F 

A 

C 

E 


FIGURE 5. Character Generator Graphics (With Line Buffer) 
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FIGURE 6. Dot by Dot {Memory Mapped) Graphics 




FIGURE 7. Combined Character Generator and Memory Mapped Graphics. 


SUMMARY 

This application note has demonstrated 2 basic graphics 
techniques that may be implemented using the DP8350 
CRT controller. Variations to these techniques are 
possible such as changing character cell sizes and sub- 
dividing the character cell into dot blocks. In most cases, 
these variations are done to decrease hardware or soft- 
ware overhead. Since the DP8350 series of CRT con- 
trollers offer display format flexibility through internal 
ROM program variations— the device adapts equally well 


to these graphics variations as it does to the standard 
applications. 


The fact that all the required control functions for the 
"video loop" are contained within the same chip-the 
DP8350— makes it very effective in these types of appli- 
cations; as a result it will produce the minimum chip 
count and cost. 
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Graphics/ 

Alphanumerics Systems 
Using the DP8350 


National Semiconductor 
Application Note 243 
Mike Evans 
April 1980 



This application note summarizes some CRT terminal circuits, each with an increasing degree of graphics 
capability, and then goes into detail to describe a system having full graphics capability, with all dots individually 
programmable. All these applications use the DP8350 CRT Controller. 

Here are some of the features of the full graphics system. 


Hardware Features 

• The hardware is designed for a 24 row by 80 
column display, with 7 dots per column and 10 
lines per row 

• All ICs are made by National Semiconductor 

• Low I.C. cost, all parts readily available 

• Fits on one standard BLC80 (SBC80) card 

• System performance only limited by software 

• 8080 Mnemonics — useable with STARPLEX or 
Intellec Development Systems 

• All graphics programs very fast 

Example: One dot takes 500jus maximum to 
plot 

• During display time, each 7-dot cycle may be 
shared by the microprocessor 

• 8 bit word comprises MSB as attribute and next 
7 bits as 7 dot word of a character line 

• Can Input display data serially or parallel 

• Can output display data serially or parallel 

• Baud rate programmable from 110 to 56k baud 

• Can be used as slave to main system 

• Can copy characters from alphanumeric ROM or 
symbol EPROM 

• 13k bytes of RAM available for user software or 
back-up display storage 

• Analog inputs — joystick or waveforms 

• Easily expandable to color graphics 

The DP8350 CRT Controller provides incrementing video 
addresses starting from the Top of Page address, or 
from a new Row Start address. These addresses and the 
Cursor address are loaded into their respective regis- 
ters from the address bus. All video control signals are 
provided by the 8350, so that apart from the crystal oscil- 
lator, no extra video circuitry is required. 


Software Features 

• The software is programmed for any display 
configuration of rows, columns, dots per column 
and lines per row. The hardware is designed for a 
24 row by 80 column display, with 7 dots per 
column and 10 lines per row. 

• Can perform most dumb terminal functions, 
including scrolling 

• Simultaneous display of alphanumerics and 
graphics 

• Identical terminals can display same information 
with inputs from either 

• Can save displays in computer storage 

• Can load displays from computer storage 

• Can erase any part of display or all of it 

• Can draw a rectangle linking any 2 horizontal and 
2 vertical coordinates 

• Can transfer in 1/10th second max any. area of 
display to any other area or to/from back-up 
display storage 

• Smooth movement of subject in any direction 

• Immediate display of fixed diagrams 

• In-system emulation of programs available 


The DP8350 has so far been considered to be useable 
only in dumb terminals, whereas in fact is is easy to 
adapt it to more complex terminals with full graphics 
capability. Following is a summary of the functions of 
the various combinations of alphanumerics/graphics 
displays beginning with a dumb terminal using a monitor 
with 24 X 80 characters. 
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Dumb Terminal 

The basic dumb terminal design is shown in Figure 1. 
Usually the microprocessor loads the Character Position 
RAM (or Refresh RAM) only during horizontal or vertical 
blanking, or during the last 3 lines of a row. The CRTC 
then sequentially addresses this RAM during display 
time. The ASCII data from this RAM (for the character 
selected) is outputted to the ROM of the Character Gen- 
erator. The 7-dot word of this character for the line being 
displayed is then loaded Into a shift register, and shifted 
[ out as video to the monitor during the next 7-dot cycle. 
The ROM, line counter and shift register can be one IC, 
such as the DM8678 DAB Character Generator, which 
contains all ASCII upper case characters. 


The logical choice of CRT Controller for this simple CRT 
terminal is the DP8350, which mates perfectly with the 
DM8678. The most common application is for a 24 row by 
80 column display with the character field comprising 
of 10 lines each of 7 dots. The character itself occupies 
7 lines each of 5 dots, leaving 3 lines for vertical charac- 
ter spacing, and 2 dots for horizontal character spacing. 

Refer to AN198 and AN199 for further information on 
alphanumeric applications of CRTs. 



BUS 


Figure 1. Simplest CRT Terminal 


Disadvantages for Graphics 

• Only characters in the Character Generator ROM can be selected 

• Characters not continuous to adjacent fields 

• Microprocessor thru-put 30% of maximum — not desirable for graphics 
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Alphanumeric Characters with Extra 
Symbols 

When characters or symbols are required that are 
different from those in the ROM, then an extra EPROM 
such as the MM2716 can be added as shown in Figure 2. 
The standard characters can be selected from a sepa- 
rate ROM such as the MM52116FDW which contains all 
128 standard ASCII characters. The EPROM is pre- 
programmed with additional characters or symbols. The 
8350 outputs sequential addresses to the Refresh RAM, 
and each address is two dot cycles ahead of the shifting 
dot word. 


The data out from the RAM must be valid 150ns after 
each address change. The MSB of the data selects ROM 
or EPROM, and the remaining 7 bits select the character. 
The line of the character is decoded from the 4-bit line 
counter outputs coming from the 8350. The ROM/EPROM 
now has 640-1 50 ns (>450 ns) to output the valid dot word. 
This has to be latched into an octal latch and held for one 
dot cycle before It can be loaded into the 7-bit shift 
register. The dots are then shifted out in the dot cycle. 



Refresh RAM MSB: 

0 selects alphanumeric ROM 

1 selects symbol EPROM 


Figure 2. Fixed Character ROM + Symbol EPROM 


Disadvantages For Graphics 

• Fixed graphics possible with continuous display, but limited to 128 different characters, and 128 standard alphanumerics, 
for all 1920 positions. 

• Also it is not possible to change characters/symbols once the EPROM has been programmed. 

• The Microprocessor is still slow thru-put. 
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Limited Graphics Terminal 

To be able to generate any graphics synnbol, a character 
RAM must replace the fixed ROM characters. Charac- 
ters or symbols can be loaded into the RAM as required 
from a ROM or a pre-programmed EPROM like the 
MM2716 (refer to Figure 3). But now, new graphics 
characters can be written into the RAM from the Micro- 
processor. These can either be derived internally from 
the or obtained directly from peripherals (such as 
serially to an Asynchronous Communications Element 
like the INS8250, or parallel from an external I/O port). 


This limited graphics application thus requires two 
RAMs, the Refresh RAM (or Character Position RAM), 
and the Character RAM. The Refresh RAM outputs the 
selected character address, and the 8350 line counter 
outputs select the line in the Character RAM. The 7 dots 
outputted from this RAM are latched into the Octal Latch 
and held for one dot cycle. The 8th bit of data can be 
used as an attribute control bit. The 7 LSBs are then 
loaded into the 7-bit shift register. 




Figure 3. Character RAM with ROM/EPROM Look-Up 


Disadvantage for Graphics 

• Only 256 possible characters per display, with the 8-bit data bus, but can re load different characters for a new frame. 
Advantages 

• Can now load standard characters or symbols from EPROM, either at switch-on or during normal running. 

• Can also load characters/symbols/graphics from the ptP or peripherals, e.g., to create graphics drawings to connect to 
adjacent positions. 

• Can now be a very fast system — by isolating the ^iP address bus from the CRTC address bus, the can share the dot 
cycle with'CRTC. 

• Refresh RAM and character RAM can be made the same IC by using one 8k x 8 quasistatic RAM. 
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With the new 8k x 8 quasistatic RAMs such as the 
NMC4864, the first quarter can be used as a Refresh 
RAM for the 1920 character positions. The RAM data 
outputs containing the character address can then be 
latched into an octal tri-state latch. If the 8350 address 
bus is then disabled, the octal tri-state latch can feed 
back to the RAM second half address inputs, along with 
the enabled 8350 line counter outputs. The data out 
from the RAM now contains the next 7-dot word to be 
displayed and this is then loaded into the shift register. 
This takes the last two thirds of the dot cycle, the first 
third Is for the mP- With the fast cycle time of the quasi- 
static RAMs this 3 part cycle can easily be accom- 
plished in one 7-dot cycle. (Refer to Figure 4.) 


With the method just described it is only possible to 
display 256 different characters for any one page, 
because each character consists of 10 lines, almost 
filling the second half of the quasistatic RAM; If this is 
acceptable, then a limited graphics terminal can be 
easily Implemented using a microprocessor, with one 
MM2716 instruction set EPROM, one MM52116FDW 
character ROM, one MM2716 symbol EPROM, one 
DP8350 CRT Controller, the NMC4864 quasistatic RAM, 
and a DM74166 shift register. The logic and drive 
circuitry required to control the sequencing comprises a 
further 15 SSI ICs. This application has not yet been 
built, awaiting availability of the quasistatic RAMs. 
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Figure 4. Limited Graphics Using a Buffered CRTC Address Bus and a Quasistatic RAM 


Advantages 

• Only one 1C, an 8k x 8 quasistatic RAM, used for both the refresh RAM and character RAM 

• Fast, although ^iP may be in the wait state for a maximum of 600ns. This is no problem because the fastest instruction 

cycle is Vs, so there wiil be no effect on maximum thru-put. 

Disadvantages 

• No quasistatics avaiiable at the time of writing 

• Full graphics capability not possible 
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Full Graphics Capability 

We need to be able to select any dot on the display, for 
full graphics capability, while still using the CRT 
controller to sequence every line of every row, as it does 
in the simple terminal (See Figure 5). 

With the standard 24x80 character display, full 
graphics can be achieved by using a 24 (rows) by 80 
(columns) by 10 (lines) address RAM, and selecting the 7 
dots as the data word for the character position on the 
display and the line of that character position. 

This means that alphanumeric characters can be 
displayed in exactly the same format as with a simple 
terminal, by copying the character from ROM or EPROM 
into the selected 10 line by 7'dot field, line by line. 


Full graphics capability is also easily Implemented 
once the relevant software algorithms have been 
determined. 

So for full graphics, every dot is one bit of memory. 
There is no refresh RAM, refer to Figure 6. The CRTC 
scans through the Display RAM, a line at a time for each 
row on the CRT, causing the RAM outputs to be read 
every 7 dot cycle. The RAM output is shifted out two dot 
cycles later. The microprocessor may write Into the Dis- 
play RAM each 7-dot word, with “1’s” representing dots. 



Figure 5. Full Graphics Capability Requires Individual Dot Selection 
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CRTC Address Bus Configuration 

The particular RAM address to be written Into is 
determined by Its 10x7 character field position and the 
selected line of that field; refer to Figure 7. 

The 11 least significant addresses Aq to A^q contain 
character position Information from position Oto 1919, 


and the next 4 addresses An to A^ are the 8350 line 
counter outputs via a tri-state buffer. The most signifi- 
cant bit, A -15 is used to select the RAM when HI, and the 
EPROMs and peripherals when LO 



DISPLAY START 
AT 8000 H 


LAST LINE OF 
DISPLAY START 
AT C800 H 

LAST LINE OF 
DISPLAY AT CF7FH 


START OF 
BACK-UP RAM 
. AT DOOO H 

LAST RAM 
ADDRESS OF FFFF H 


RAM LC3 LC2 LC1 LCD A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 



LINE 9 I POSITION 0 



LINE 9 I POSITION 1919 



Figure 7. RAM Addressing 


Graphics Design Criteria 

In the simple CRT applications, the microprocessor is 
used mainly to re-write the Refresh RAM as new infor- 
mation is fed in, either from the keyboard, or from the 
main computer (via ACE). The /uP can still be used in this 
application for alphanumerics/graphics, but it is also 
desirable if it can perform graphics computations, such 
as drawing lines from the inputted coordinates. 

This requires the microprocessor to be able to write 7 
dot words quickly to the Display RAM. The best way to 
implement this is to time multiplex the dot cycle with 
the CRTC so that whenever the requires access to 
the Display RAM, it merely waits for its slot in the next 
dot cycle, which could be up to 640ns later. The infor- 
mation is either written or read after 360ns, that is a 
maximum of l^s after the memory access request, 
which is fast enough. Now the no longer has to wait 
for blanking to be able to operate, it continues its normal 
operation and only enters the WAIT state during RAM 
access. Although this is for up to l^s, in fact it is in 
general invisible because the piP memory access takes 
at least 700ns. 

The Microprocessor 

The 8080A-2 was chosen for the following reasons: 

• FAST — takes 21.84MHz (2 X 8350 frequency) divided 
by 9 (in the 8224), to give a clock cycle of 2.427 MHz, 
i.e., 0.41 f^s per microcycle, or 1.6/.<s for a short 
instruction 

• Software can be developed on STARPLEX™ or 
Intellec Development Systems 

• INS8080A-2, DP8224 and DP8238 are low cost and 
available from National 

• Associated circuitry previously designed in 
Application Note AN199 

Note the DP8238 has advanced MEMW mode — 
desirable so that the microprocessor can go into the 
WAIT state earlier in the write cycle. 

Interrupts 

The INS8259 is ideal as as an Interrupt Controller, 
because most interrupt signals in the system are 
positive going, saving D-type flip-flops. It can also be 
used to mask off interrupts when necessary. 

Interrupt Priority 

1) Horizontal Sync from the 8350, highest priority if row 
start has to be quickly changed, normally masked off 


2) Paralleled 8-Bit I/O Port, highest priority if CRTC card 
is part of a master system, otherwise masked off 

3) Vertical Sync from the 8350, normally highest 
priority, need to quickly change the Top of Page 
register for scrolling, to change the display before 
the new frame begins 

4) ACE, INS8250 — during serial block transfers this 
will take highest priority 

5) Keyboard — the time to press the keys is much 
longer than the interrupt wait time so can be low 
priority 

6) A/D Converter — time for conversion is lOO^s so 
again can be low priority 

Display RAM 

The system requires a RAM with 24 x 80 x 10 addresses, 
each of 8 bits (representing 7 dots + 1 attribute bit), and 
a cycle time of 640ns/2 or 320ns. Using static RAMs 
19.2k bytes would require 40 ICs, whereas using dyna- 
mic RAMs 16 ICs are necessary, totalling 32k bytes. 
This leaves 13k bytes available as spare RAM. 


Advantages of Dynamic RAMs 

• Only 16, 16-pin packages instead of 40, 18-pin 
packages 

• Less than $10 for 16,000 bits 

• Fast access and cycle times using the MM5290-2 
(average cycle time is 320ns). Even faster times with 
the 5V only 16k MM5295 

• Standby current only 5% of operating current 

• Less average power dissipation than for static RAMs 

This means average power dissipation is 30mA x 12V x 
V2 X y2 X 16 or 1.5W for all 16 packages (only one bank 
is accessed per cycle by the CRTC for half the dot cycle 
time). For 40, 4k x1 static RAMs, average power is 
80mA X 50V X 40 or 16W. Note that if the MM5295 5V, 
16k X 1 dynamic RAM is selected, power dissipation will 
be even further reduced, with access and cycle times 
about half the 3 rail version. 



Disadvantages 

• Not easy to interface to 

• Need to be refreshed every 2ms — see “Refreshing 
of Dynamic RAMs’’ 

• 3 supply rails needed, +12V, +5V, -5V, but these 
are already required for the 8080 
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Refreshing of the Dynamic RAMs 

With 16k dynamic RAMs all 128 rows of every RAM have 
to be refreshed every 2ms maximum to maintain valid 
data. It is possible to manipulate the addressing of the 
CRTC address bus to the dynamic RAM multiplexed ad- 
dress bus, so that there Is no need for a separate refresh 
counter. This is because for any display row, the 8350 se- 
quences all 80 characters, starting at line 0 and ending at 
line 9. Thus we can use the 3 least significant bits of the 
line counter outputs (A-ii, A-12, A13, from LCO, LC1, LC2) 
for three of the dynamic RAM row address bits, (corres- 
ponding to lines 0 to 7 of each display row), and the four 
least significant bits of the character position address 
(Aq to A3) for the remaining four RAM row address bits. 
See Figure 8. 

Unfortunately, because 19k addresses are required, it is 
necessary to use two banks of RAM (8 RAMs in each 
bank), giving a total of 32k x 8. This leaves 13k bytes 


available for scratch pad, display storage, and in- 
system emulation of programs. Therefore each row of 
this second bank of dynamic RAMs also has to be 
refreshed. By using address bit A4 to select the bank, all 
rows of the dynamic RAMs are therefore refreshed every 
32 characters, which in fact is eight lines, or in effect 
one row of the display. The worst case Is when the 32 
characters are split over two display rows. There is no 
problem during the vertical blanking because the 8350 
still outputs Incrementing addresses and LCGA con- 
tinues to activate the control logic. So refreshing still 
continues during blanking. Thus the longest period any 
RAM row goes without a refresh cycle Is 65^5 per 
line X 10 lines per rowx2 rows = 1.3ms, which is still 
within the 2ms maximum at 70 ®C. In other words, 
dynamic RAM refreshing is automatically performed by 
the 8350 sequencing the address and no extra circuitry 
is required. 


80 CHARS 





ONE 

ROW 


Figure 8. Automatic RAM Refresh 
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CRT Controller 

A graphics/alphanumeric CRT Controller requires the 

following (See Figure 9): 

1) All monitor signals provided — the 8350 provides 
Vert/Horiz sync and vertical banking 

2) Cursor signal — the 8350 has cursor enable 

3) Fast dot clock, a 7-dot cycle clock continuous, and a 
shift register clock only during display — the 8350 
has dot clock, LCGA and LVSR 

4) Line counter output 4-bit, tri-state — the 8350 has 
line counter output (but not tri-state) 

5) Ability to set top of page, row start and cursor reg at 
any time — the 8350 can do this using LD REG, RA 
and RB inputs during the time the luP is on the CRTC 
address bus. RA and RB can be data bus bits DBO 
and DB1, and LD REG can be decoded from the 
address bus 


6) 50 Hz or 60 Hz capability — the 8350 has a frequency 
select input 

7) Incrementing position address, tri-state — the 8350 
has this, with a maximum enable/disable time of 30ns 

This parameter is important in this application 
where it is necessary to switch the memory from the 
CRTC address to the microprocessor address, and 
back to the CRTC address all in one 7 dot cycle of 
640ns. Other CRT controllers are not capable of 
enabling and disabling the CRTC address so quickly. 

Hence the DP8350 requires no extra circuitry apart from 
a Quad Latch to disable the Line Counter outputs. The 
8350 has internal ROMs which determine how many rows 
(24), columns (80), lines per row (10), and dots per column 
(7). Versions of the 8350 are available with other combi- 
nations. 


VERT. SYNC. 

■ HORIZ. SYNC. 

■ VERT. BLANKING 


ADDRESS I 
BUS 



DYNAMIC RAMS 


WE 
ROW/ COL I 


Figure 9. 8350 Block Diagram 
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System Timing 

The standard timing for the dumb terminal type of 
application is shown in the timing section of Figure 1, 
with the microprocessor inactive during display time. 
This is undesirable for graphics applications where full 
use of the micipprocessor is required for computations 
and peripheral control with very fast baud rate. To deter- 
mine the timing sequence it is first necessary to calcu- 
late the CRTC frequency required for the dot clock. 

CRTC Frequency = d x [c -f (characters during 
horizontal blanking)] x [(r x I) -f- (lines during vertical 
blanking)] X (line input frequency) 

where d = dots per character, 

c = columns on display 
r = rows on display 
I = lines per row 


For the standard 8350, 
f = 7x(80-f20)x[(24x10)-h20]x60Hz 
= 7 X 100 X 260 X 60 Hz = 10.92 MHz 

This Is too slow for the DP8224 which divides the crystal 
frequency by 9 to provide the clock to the micropro- 
cessor. The 8224 frequency can therefore be 21 .84 MHz 
as in Figure 10, and this is divided by 2 to provide the 
8350 dot clock of 10.92MHz, or 91.6ns per dot. A 7-dot 
cycle Is 641 ns or 1.560 MHz. This is divided by 2, i.e., 
780kHz, to provide a clock frequency for the A/D con- 
verter. 

The 8080 frequency is 21.84/9 MHz or 2.427 MHz. This 
frequency is also applied to the ACE to provide the 
clock for the Baud Rate divider. The baud rate is 
determined from 2.427 MHz/(16x Baud Divisor). 




RAM ACTIVATED 


RAM ACTIVATED 


1 r 

^ NO MEMORY ACCESS j 


- 641 ns DOT CYCLE - 


Figure 10. System Timing Control Circuit and Diagram 
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7 Dot Cycle Timing 

Figure 11 shows how the 7-dot cycle time of 641 ns can 
be time multiplexed into two separate control sequences; 
Microprocessor and CRTC. It is necessary that the new 
7-dot word to be displayed, is available at the com- 
mencement of the dot cycle shift. Therefore the 8350 
must access the CRTC address bus for the second' half 
of the 7-dot cycle, in fact for the last 3 dots of the cycle. 
This allows the time period taken by the first 4 dots to 
be used by the microprocessor, so that the microproces- 
sor address output appears on the CRTC address bus for 
the first four dots, but only if a /uP access is requested. 

The CRTC 15-bit address is time multiplexed into 7 rows 
and 7 columns to be applied to the dynamic RAMs, 
using 2 DS3648 muliplexer-drivers, with bit A4 selecting 
the bank. It is therefore necessary to latch in first the 
rows with RAS (Row Address Strobe), and then the 
columns with CAS (Column Address Strobe), for both 
the ijP half-cycle and the CRTC half-cycle. All the set-up 


and hold times are met by the circuitry of Figure 12. If 
the mP is not requesting RAM access during its half- 
cycle, then RAS does not occur, although CAS still 
does. This is because RAS enables CAS internally in the 
dynamic RAMs, so that if RAS does not occur, the CAS 
has no effect and the RAM remains in standby mode. 
This is also the case in selecting the banks with RASO 
or RAS1. 

In the second half-cycle, the CRTC always reads the 
RAM, so WE remains HI, but in the first half-cycle the ^P 
may request a READ or WRITE. WE remains HI for 
READ, and for WRITE remains LO while RAS is low. Note 
that the 8350 outputs the address word two dot cycles in 
advance, and therefore it is necessary to latch and then 
hold the dot word for one dot cycle. It is then latched 
into the 7-bit parallel-in serial-out shift register. The 8th 
bit from the latch can be used as an attribute bit. 
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Figure 11. Memory Control Logic Timing Diagram 
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Figure 12 shows the Memory Control Logic required to 
correctly sequence the control signals and busses to 
the dynamic RAMs and associated components. The 
interfacing from the 8080 microprocessor (via signals 
MEMR and MEMW) is such that whenever the /^P 
requests to read or write to the dynamic RAMs, the luP 
Access Flip-flops access the RAMs at the start of the 
next mP cycle. At the end of these four dots, the 
information has either been latched into an 8-bit latch 
(for READ), or written into the RAMs (for WRITE). The 
READY signal goes active at this time which ensures 
that valid information is read at the end of the cycle; 
refer to Figure 10. Also the fact that MEMR and MEMW 
occur at fixed intervals relative to the dot cycle signal, 
LCGA, means that system contention cannot occur. 
Therefore there is no need for arbitration between these 
two signals when a microprocessor cycle Is requested. 

This also applies when selecting the 8350 to change 
Top of Page, Row Start and Cursor. To select any of 
these 3 registers, the luP data bus bits DO and D1 are 
connected to R^ and Rg to select the required register. 


The information to be latched into the selected register 
has to be valid on the the CRTC address bus. Because 
this is time shared with the 8350 address counter, which 
outputs the incrementing display addresses during the 
second half of every 7-dot cycle, the CRTC register 
information has to be valid for the first half of the next 
dot cycle. The CRTC is selected with DS6/7 and MEMW, 
so that REGISTER LOAD occurs just after the CRTC 
register Information becomes valid on the CRTC 
address bus. The 8350 spec requires that the address be 
valid 250ns before REGISTER LOAD trailing edge (old 
data sheets do not state this), and that R^ and Pq are 
valid at the leading edge. Note that the 8350 internal 
address counter can be enabled or disabled within 30ns 
of the ADDRESS ENABLE changing state. 

All the Logic for Memory Control is Schottky, due to the 
very fast timing required in the system. Note that the 
cycle time of the CRTC half-cycle is 270ns, which is less 
than the 320ns specified for the MM5290-2. This 
parameter is specified at 320ns for power dissipation 
reasons, and because the ^P is not fast enough to use 
its half-cycle every 7-dot cycle or 641 ns, the average 
cycle time is greater than 320ns 
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System Configuration 

Figures 13 and 14 together show the system block 
diagram. The peripheral components of Figure 13 are 
used with the microprocessor circuitry of Figure 14. The 
right hand half of Figure 14 is equivalent to the circuitry 
of Figure 12. 

The LS138 address decoder is used for both I/O and 
memory addressing. Referring to Figure 15 address 
map, the peripherals are designated as I/O, and the 
EPROMs, ROM, CRTC and dynamic RAMs as memory. 
With address bit A15 HI, the 32k dynamic RAM block is 
selected. With address bits A14 and A15 LO, the LS138 
outputs are selected. All, A12, and A13 are decoded to 


select which one of the LS138 outputs goes LO, so that 
when memory is addressed, each section is 2k bytes. 
This includes the CRTC which requires 4k bytes from 
3000H to 3FFFH for 2 pages. The top four address bits 
select the CRTC and the remaining 12 address bits are 
latched into the selected register. 

When addressing I/O, address bits A0-A7 also appear 
respectively on A8 to 15, so that with A6 and A7 LO, i.e., 
I/O address OOH to 3FH, each LS138 output is now 8 
bytes selected by A3, A4, and A5. Bits AO, A1, and A2 are 
then connected as required to the peripherals, to select 
the addressed byte. 
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Peripherals 

I/O Port 

IN OOH or OUT OOH select the 8-bit parallel I/O port, which 
basically is two octal latches with tri-state outputs. The 8 
output bits may be connected to a master 8-bit data bus. 
When an external 8-bit data word is latched into the input 
octal latch, an interrupt causes this to be enabled on the 
f.<P data bus, when acknowledged with the instruction IN 
OOH. To output to the master databus, OUT OOH causes 
the mP data to be latched into the output latch and this 
also provides an external interrupt to the master system. 
The master can then read this data by enabling the out- 
put octal latch. Data can be transferred fast because the 
I/O port normally has the highest priority interrupt (IR 3 of 
the 8259), when required. 

Interrupt Controller INS8250 

This was also mentioned in an earlier section. At initiali- 
zation, it is set up to remain in the fully nested mode, so 
that only higher priority interrupts may interrupt an 
existing interrupt. Otherwise a lower priority interrupt 
has to wait for the higher one to finish. Normally the 
horizontal sync interrupt to IR2 is masked off if there is 
no need to change ROW START or soft scroll display 
data off the screen line by line. The I/O address to select 
the 8259 can be either 10H or 11 H; refer to the 8259 data 
sheet and the software to determine whether AO is ‘0’ or 
‘T. Each interrupt routine has to end with a SET END OF 
INTERRUPT instruction. 

Keyboard 

The instruction IN 18H reads the ASCII data on the key- 
board after a keyboard interrupt has been acknowledged. 

Serial I/O Using the ACE INS8250 

The INS8250 with its associated EIA RS 232 interface 
allows serial data to be received or transmitted 8 bits at 
a time, with the instructions IN 20H or OUT 20H. The 
baud rate is previously determined as described in the 
software section. Other ACE registers may be 
accessed, by connecting AO, A1 and A2 of the p<P 
address bus to the same designations on ACE, so that 
ACE addresses are from 20H to 26H. During block 
transfers, such as dumping a picture on the screen into 
an external memory, or loading from the memory, the 
higher priority inputs can be masked off for fast 
transfers. 

Baud Rate Switch 

See ‘Baud Rate’ for application, the instruction OUT 
28H will read the 4 switch positions. 

A/D Converter ADC0808 

This 8 analog channel, 8-bit A/D converter, has first to 
be initializeded to commence a conversion on one of 
the channels. Address bits AO, A1 and A2 are used to 
select the channel, so that instruction OUT 3nH starts a 
conversion on INPUT n. The conversion takes about 
lOOjus with the 780kHz clock, so the n? can continue 
operating during conversion. The END OF CONVERSION 
signal then interrupts the which when acknow- 


ledged reads the 8-bit data with the instruction IN 3nH, 
although n is not important in reading the A/D. 

The A/D converter being only one 28-pin chip, is ideal for 
demonstrating the graphics capabilities of the system. 
For instance, an x-y joystick can be connected to INPUT 
0 and INPUT 1, so that the movement of the joystick 
draws on the screen. 



ACE (8 REGISTERS) 


B CHANNEL A/D CONVERTER 


2nd A/D CONVERTER 


Figure 15. I/O and Memory Map 
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System Operation and Software 

The software was developed purely for demonstration 
purposes to show the versatility and power of the 
system. All the software has been tested, but the system 
could be much more powerful with additional software. 
The 13k bytes of back-up RAM are also useful in this 
respect. The software was developed on National’s 
STARPLEX^^^ Development System. The instruction set 
so far is just under 4k bytes, so two 2716’s are used, but 
these may be replaced by 2732’s if the chip select pins 
are reconnected, so that extension up to 8k bytes is pos- 
sible with no extra 1C sockets. 

Parameter Definitions 

The software is structured as in Figure 16. The 
philosophy was to make it versatile, easy to understand, 
and easy to modify or add to. 

The registers are stored in the dynamic RAMs starting 
at FEOOH in the non-display section. The Top of Stack is 
also in the RAMs at the highest location, FFFFH. This 
allows for about 240 nested two-byte PUSHes or CALLs, 
which is comfortable. Any register may easily be relo- 
cated merely by changing its address, similarly any new 
registers may be added to the list. 

The addresses of the various memory and I/O locations 
are also listed and defined in the front section so these 
can be changed as desired. 

For complete versatility, the display parameters are 
also listed in the front section so that any different 
value of parameters from those listed need be changed 
only in this section. The values of the parameters or 
constants are those of the standard DP8350 around 
which the hardware has been designed. 

Thus by defining most parameters in the software once, 
at the beginning, the subsequent routines/subroutines 
will be valid for different applications and should not 
need to be altered, merely added to. Not many macros 
were used in order to save EPROM instruction space. 

Interrupt Entry Locations 

These are in 8-byte increments beginning at 0010H. The 
16 bytes before this are saved for power-up initialization 
to disable interrupts and set Top of Stack. 


Each interrupt location calls that interrupt subroutine. 
At the end of the subroutine, the system returns to 
output an END OF INTERRUPT to the 8259, and then 
returns to the original subroutine in progress when the 
higher priority interrupt occurred. If no interrupt was in 
progress, the program returns to the WAIT LOOP which 
enables all unmasked interrupts to the p/P- 

Look-Up Tables 

This has three sections. First, the BAUD RATE DIVISOR 
look-up table contains all the 16-bit divisors required for 
baud rates from 110 baud to 19k baud. 

The next look-up table contains PROGRAM LABELS, 
used in the SEARCH FOR PROGRAM subroutine. The 
first row contains all the first characters of the program 
labels, the second row contains the second character, 
up to the fourth row contains the fourth character. Each 
program consists of four characters. 

The third table is the address list so that once the 
SEARCH subroutine has located the desired label, it 
alters the program counter to the equivalent section of 
this table, which then calls up the program requested. 



REGISTERS 

PARAMETER 

ADDRESS 

DEFINITIONS 

CONSTANTS (8350 PARAMETERS) 

MACROS 




SYMBOLS, DRAWING SEQUENCES 


Figure 16. Graffiti — Software Structure 
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System initialization 

After disabling interrupts and setting Top of Stack, the 
32k addresses of RAM are cleared one byte at a time, so 
that the screen is blank within half a second of switch- 
on. The cursor is then homed to the first character 
position. First the Top of Page register is set to 0 in the 
CRTC and then the cursor register is set to 0, both in the 
RAM and the CRTC. The column count is also reset. 

The ACE is next set up including the baud rate (see 
Baud Rate section). Next, the Interrupt Controller is set 
up, and after this the system enters the WAIT LOOP 
system, enabling the interrupts to wait for an interrupt. 

Interrupts 

1) Horizontal Interrupt is normally masked off but may 
be unmasked for two reasons: either during scrolling, 
so that each row can be soft scrolled off the screen a 
line at a time, or during editing to delete a row, so 
that a jump in ROW START to the next row has to 
occur every frame at this new row. This new row must 
be loaded after horizontal blanking of the last line 
before the jump row is to begin. 

Note that if the ROW START register is not loaded, 
each row start address is the last display address 
incremented. 

2) Port Interrupt is normally masked off, but must be 
unmasked if transfer of data to a master system is 
necessary. 

3) Vertical Interrupt is used for two purposes. One is to 
scroll the display by one row, once the scroll 
semaphore bit has been set in one of the associated 
subroutines, this is begun at vertical interrupt so that 
screen flicker does not occur. The other is to change 
a graphics display every frame so that smooth transi- 
tion of a subject across the screen is attained. An 
example of this is the program PONG. The flow chart 
for Vertical Interrupt is shown in Figure 17. 

4) ACE Interrupt is by far the most complex because 
data received by this chip then has to be operated on 
to determine what action to take. The flow chart for 
ACE Interrupt is shown in Figure 18. Assuming the 
interrupt is because ACE has received data available, 
the ASCII data is checked for a function input. If not 
a function, but a program is already in progress 
awaiting inputted data, then this character is saved 
in the Input Character register. If the character was 
entered while the cursor was in the first four 
positions of a row, then the character is saved in a 
register determined by the column position of the 
cursor. This saves the character to recall it in a look- 
up comparison later, while searching for a program. 
Unless the ASCII code was a function, the character 
is displayed in the cursor positon (see Displaying 
Characters). 


If the ASCII code entered is a function, then first 
CARRIAGE RETURN is checked for. If negative, then 
all the other functions are checked for and if positive, 
that particular function is executed. If the input is in 
fact a carriage return, then a check is made to see if 
the cursor was in the 5th position, signifying a four 
character graphics program has been requested. The 
system then goes to search in a look-up table for a 
program corresponding to the four ASCII characters 
entered in order. If a program is found, the system 
then calls the requested graphics program and exe- 
cutes it. If not, then a carriage return is executed. 

5) Keyboard Interrupt in most systems is a simple 
subroutine, merely accepting the ASCII data word 
from the keyboard and outputting it to the ACE (see 
Displaying Characters). 

6) A/D Converter Interrupt sets the A/D semaphore bit. 



RETURN 


Figure 17. Vertical Interrupt Flow Chart 
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Figure 18. ACE Interrupt Flow Chart 
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Functions 

A number of dumb terminal functions are available with 
the present software: carriage return, line feed, advance 
cursor, backspace, up cursor, tab 8 postions, clear row, 
clear row right of cursor, scroll up one row, and 
selecting attributes. Attributes available are half- 
intensity characters and character inversion. Each 7-dot 
location has its own attribute bit. 

Baud Rate 

The 4-bit BAUD SWITCH is used to select the BAUD 
RATE at switch on, or during operation If CTL E is 
entered. The p<P then reads the switch setting and loads 
the corresponding 16-bit BAUD RATE DIVISOR into the 
INS8250 Asynchronous Communications Element. Baud 
rates from 110 to 19k are available, and up to 56k is 
feasible if the 8080A-2 f^P is selected for fast data rates. 

Displaying Characters 

When a key is depressed, the keyboard outputs the 
ASCII code of the key selected, which is read by the /jP 
when the keyboard interrupt is acknowledged. The f.<P 
then outputs the same ASCII data to the INS8250 ACE 
to be transmitted serially via the RS232 interface. This 
cah be connected to a main computer, or an identical 
terminal, or back to the serial input of the ACE. When 
the ACE receives the returning 8 bits, it outputs a RE- 
CEIVED DATA AVAILABLE INTERRUPT or RCDA. The re- 
ceived data is then read by the ijP, which selects the ASCII 
character from the 128 character ROM (MM52116FDW) 
using the ASCil code as address. The alphanumeric 
character is copied line by line into the dynamic RAM in 
the position of the cursor. 

Initially all RAM locations are ‘0’ and the dots are 
written as ‘1’, in a 7-dot word. See Figure 19. Then every 
frame, as the 8350 scans each line, the 7-dot word for 
each character postion is latched from the RAM into the 
7-bit shift register, and outputted serially during the 
next 7-dot cycle so that each 'T appears as a dot. The 
standard ASCII characters are displayed in a 7 line by 5 
dot format or font. The 7 lines are copied line by line into 
the first 7 lines of the 10 line character field, leaving 
lines 7 through 9 as vertical spacing between charac- 
ters. Data bits 1 through 5 are used for characters, 
leaving dots 0 and 6 as spacing between adjacent char- 
acters. The keyed character then appears on the screen 
and the cursor is incremented to the next position. 

Additional Symbols 

An additional 2716 EPROM with pre-programmed 
electronic symbols can be selected instead of the ROM, 
so that circuit diagrams can be drawn on the screen. 
Each symbol in the EPROM can be 10 lines of up to 7 
dots so that each character may be continuous into the 
next — a necessity for circuit diagrams. The EPROM is 
selected by typing CTL Z on the keyboard and then a 
key, which can be either upper or lower case. This then 
displays the appropriate symbol in a similar manner to 
an alphanumeric character. To return to alphanumerics 
again, another CTL Z is required from the keyboard. 

Two sequences are also stored in this EPROM, at 
addresses 1D00H and 1E00H. When either of these are 
called up by the program DRAW, a circuit diagram is 
drawn on the screen. This is an efficient way of storing 


circuit diagrams. Each circuit sequence, requires about 
200 bytes, which is not a lot to cover most of the screen, 
much less than the 19k bytes normally required to save 
every dot. 

Although the symbol EPROM was programmed for elec- 
tronic symbols, other kinds of symbols may be pro- 
grammed into this EPROM, such as mechanical symbols. 

Programming this EPROM is not easy. Assuming ASCII 
characters are to be used to select each symbol,- then 
the addresses A0, A5, A4 must be 100, 101, 110, 111 corres- 
ponding to ASCII codes 4XH to 7XH, where X is address 
A3, A2, Af, Aq. The 4 lines LC 3, LC 2, LC 1 and LC 0 go to 
address bits A-iq, Ag, Ag, A7. The EPROM is selected with 
00011B to A-15, A-14 , Ai 3, A-,2 , Ai-|. In other words, to select 
the first line of character A (41H), the address would be 
1841H, and for the second line 18C1H etc. 
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Figure 19. Displaying a Character 
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Locating the Position of a Dot 

The standard DP8350 displays 80 horizontal characters 
for each of 24 rows, each character field comprising 10 
lines of 7 dots. Thus there are 80x7 or 560 horizontal 
dots and 24 x 10 or 240 vertical dots in the display. Let 
the value of the horizontal dot position be x, where 0 < x 
< 560, and y be the vertical dot position, where 0 < y < 
240. Refer to Figure 20. 

If the X and y values are inputted to the microprocessor, 
it can then compute the character position, the line 
number and the dot position number. First, the Row 
Number r is INTEGER (y/10). This then has to be 
multiplied by 80 to produce the ROW START number. 
The Column Number then has to be added to this to 
obtain the Character Position Number, where the 
Column Position c is INTEGER (x/7). The line of the row 
is (y - r), and the dot number is (x - c) for the computed 
character position. 

For the 8080 microprocessor, multiplication and division 
of numbers is laborious and time consuming. It is there- 
fore easier to use the program subroutine shown in Fig- 
ure 21 to compute the character position, line number, 
and dot number. A separate subroutine then computes 
the dot word from the dot number. This 7-dot word is 
then ORed with the word already in the computed dyna- 
mic RAM location. All this can be demonstrated using 
the program PLOT. 

This computation takes an average of SOO^us and a 
maximum of 500 ms. Flence up to 3,000 dots can be 
plotted per second for any values of x and y to, create a 
graphics display. 


A good demonstration of the graphics capability is to 
connect an x-y joystick to two analog inputs of the A/D 
converter and by selecting the program MOVD (move 
dot), moving the joystick. The joystick can be moved 
quickly from one extreme to another and all dots on the 
way are displayed. This program can also use a dot as 
the cursor, using the joystick to select its position, and 
then to depress keys whenever a desired character is 
required at the character position of the dot. 


Dot Word Transfers 

With the use of the ACE, it is possible to unload the 
contents of the RAM into either an identical terminal to 
copy the display, or to store it in a main computer. It can 
then be recalled from the computer at a later date and 
re-loaded into the RAM to be displayed. Or if desired, 
sections of the display can be transferred. Copying 
from or to the display can be fast, because 7 dots are 
read or written at a time. An example of this is to use the 
programs SAVE and LOAD. A section of the display 
(such as a circuit diagram) can be saved in the back-up 
RAM, and then loaded back on to the display in a 
different area. The diagram appears almost instantly. 

This extra 13k bytes of back-up RAM can also be used 
as additional memory for in system emulation of 
programs, or for powerful computing capability for 
graphics calculations. 




ROW r = INTEGER (y/10), LINE L = y-r 
COLUMN c = INTEGER (X/7), DOT NUMBER d = x-c 

DOT AT LOCATION x,y IS IN CHARACTER POSITION p, LINE L, DOT NO. d, WHERE p = 80r + c 


Figure 20. CRT Dispiay/8350 Character Address Positions 
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Figure 21. Flow Chart to Add Dot x, y to Display 
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Graphics Programs 

To perform various graphics functions it was decided to 
select the necessary software with four letter program 
labels, followed by a carriage return. As long as the 
label derived starts at the first column of a row, the 
program requested is called up and executed. Some 
programs request information from the operator. PLOT 
is an example of this, where the values Y1 and X1 are re- 
quested by the display. The user types in the desired 
values in normal decimal, signifying the end of the num- 
ber with a carriage return. After both y and x have been 
entered, the program continues, in this case plotting a 
dot at Y1, X1. 

Conversion of Entered Decimal Numbers 

The conversion of the decimal numbers entered and 
saved in the Input Number registers, is performed by the 
subroutine ENTR. First the last decimal number entered 
(obviously units) is tested for ASCII number units and 
then saved. The second number (tens) if entered, is then 
tested and decremented until 0 is reached, and each 
decrement, 10 is added to the total number. Then the 
third number (hundreds) is tested and decremented to 0, 
each time 100 is added to the total. At the end of the 
conversion, H, L register contains the total number in 
binary. This is then saved in the respective register. 

Conversion of 2 Hexadecimal Characters to an 
8-Bit Word 

This subroutine takes 2 ASCII characters each in the 
range 0 to 9, A to F, and converts them to a binary word. 
First, the 3 ASCII code bits are masked off the number 
first entered. This is shifted left 4 times and added to 
the masked off 4 bits of the second number entered. 
This 8-bit word is now 7 dots plus one attribute bit. With 
this method, it is easy to write/read words quickly on to 
the display, in the selected location. This can be 
demonstrated with the program DMPI (dump-in) as in 
the next two sections. 


Display Loading 

The starting address is first entered (anywhere from 
8000 H to FDFFH) by keying in the first two hex numbers 
when requested by B = (byte), no carriage return, then 
the last two hex numbers. This is repeated for the end 
address. The bytes are then entered 2 ASCII characters 
at a time. If the addresses are between 8000H and 
CFFFH, the words will appear on the display. For 
example, 7F will appear as 7 dots, or 83 will appears as 
the 2 right-hand dots with attribute. In this way a picture 
can be loaded on to the display. 

Use of Back-up RAM 

If the DMPI addresses are between DOOOH and FDFFH. 
the information is stored in the back-up RAM. This is 
useful for in-system emulation, for example. By calling 
up the program EXTO (External 0), if a program has 
previously been loaded in the back-up RAM, starting at 
address DOOOH, this program will then be executed after 
EXTO, carriage return. Another use of this section of 
RAM is the storage of different sequences of circuit 
diagrams other than those in the symbol EPROM. The 
program DRAW can then call up the starting address. 

Additional Software 

The power and versatility of this system is easily 
demonstrated with the existing software. This can be 
added to as required with new software, calling up 
existing subroutines where possible. Up to 4k bytes of 
additional software can be incorporated without any 
hardware modifications (other than moving two links to 
select 2732s instead of 2716s). 

Conclusion 

So using all National Semiconductor ICs, at a cost of a 
few hundred dollars, the hardware for an intelligent 
terminal with full graphics capability can be fitted on 
one BLC80/SBC80 size card. The design is ecsily 
expandable to systems requiring color. The biggest 
modification is to the memory: instead of one bit per 
dot, 3 bits are required for blue, green, and red, to give 8 
possible combinations per dot. A small number of extra 
logic ICs are required, as are minor additions to the 
software. To select the color, a CTL key can be used 
followed by the code for the color. This color will then 
be written until changed by the CTL key. A different CTL 
key followed by a number could previously have set the 
background. 
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EXTERNAL l/OW > 

EXTERNAL ^ 

INTERRUPT TO U20/15 




ASYNCHRONOUS 

COMMUNICATIONS 

ELEMENT 
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J3-14 ,, 

h. DATA Q ^ 

"terminal wwe>-L|: 

READY 


1 1. STROBE INPUT MUST BE POSITIVE (+) 

2 ALL DEVICES BYPASSED WITH 

0.1 mF 50 vdc capacitors between 
SUPPLY VOLTAGES AND GROUND 

3 UNLESS OTHERWISE SPECIFIED. SSI 
LOGIC POWER AS FOLLOWS. 

Vcc^PIN 14 
GNO = PIN 7 


4. FOR SERIAL TRANSFER TO OTHER 
SYSTEMS. LINKE1-E2. E3-E4. E5-E6. 
AND E7-E8 FOR STAND ALONE USE, 
CONNECT E1-E3 AND E5-E7 


DP8350/INS8080 Full Graphics Video Terminal System — Peripheral Interface Block 
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DP8350/INS8080 Full Graphics Video Terminal System — Memory Control 



















MM2716 



U3 

MM2716 



LAYOUT OF DP8350/INS8080 GRAPHICS 








Layout of DP8350/INS8080 Graphics 


Present Capabilities of Alphanumerics/Graphics System 

Dumb Terminal Functions 


All 128 ASCII Characters Displayable 
Space 

Carriage Return 


Horizontal Tab 

(-)or(CTLL) 

Backspace 

(-)or(CTL H) 

Linefeed 

(1) or (CTL 1) 

Vertical Tab 

(t)or(CTLK) 

Select/Deselect Attribute 

(CTL R) with SW-1 or S-3 

Tab 8 Spaces 

(Tab) (CTL T) 

Clear Cursor Row 

(CTLX) 

Clear Row Right of Cursor 

(CTL S) 

Initialize System 

(CTL A) 

Select Baud Rate from 110 to 19,200 Using S-l and CTL E 

Scrolling Upwards 


Non-Standard Character/Symbol Selection 

By selecting CTL Z, symbols can be displayed for each key of the keyboard, including shifted and control keys. Also 
can deselect back to standard ASCII characters with CTL Z. 
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Graphics Programs 

*CLSC: Clears screen only, leaving 13k back-up RAM 
unaffected. 

*LIST: Lists all graphics programs. 

*PLOT: Plots a dot at X, Y. X is the number of hori- 
zontal dot positions from the left of screen, 
from 0 to 7 X 80 for the 8350, i.e., 0 < x < 

559. Y is the number of vertical dots from 
the top of the screen, from 0 to 10 x 24, i.e, < 
0 -^y 239. The operator keys in the decimal 
values of Y and then X when requested by 
the display. 

*VLIN: Draws a vertical line between Y1 and Y2 at 

X. These values are entered decimally by 
keyboard when requested by the display. 

*HLIN: Draws a horizontal line between XI and X2 
at Y1. These values are entered decimally by 
keyboard when requested by the display. 

*RECT: Draws a rectangle linking lines XI, X2, Y1, 
and Y2. 

*PONG: Bounces a dot around the screen between 
the four walls of the display. 

*DRAW: Draws a diagram on the screen from a 

sequence of operations saved in ASCII code 
in memory. The START address of the 
sequence is determined by the first four 
hexadecimal characters entered on the 
keyboard. The address 1D00H selects a DC 
voltage restoring circuit sequence located in 
the symbol EPROM. Address 1E00H selects 
a logic circuit and waveforms. Test 
sequences can be loaded into back-up RAM 
using program ‘DMPI’ at the starting and 
end address entered. This start address is 
then called up by ‘DRAW.’ The end address 
must contain 0 (zero). 

*SAVE: Saves in the back-up RAM a section of 

display contained within rows R1 to R2, and 
columns Cl to C2. These values are entered 
decimally by keyboard when requested by 
display. The start address in the back-up 
RAM is selected by the first four 
hexadecimal characters entered on the 
keyboard. 

*LOAD; Loads from the back-up RAM to a section of 
display bounded by R1, R2, Cl, C2. These 
values are entered decimally by keyboard 
when requested by the display. The back-up 
RAM start address is selected as in SAVE. 

*DOTS: Plots N dots on any line Y1 at postions XI, 
Y1: . . . XN, Y1; and then any new line 
entered in decimal by the operator. Ends the 
program by entering 0 (zero) when the next 
Y1 is requested. 


*MOVD: Uses the 8-channel 8-bit A/D converter to 
monitor the voltages on a X-Y joystick, an 
inhibit-draw switch, and an exit-program 
switch. In the DRAW mode consecutive dots 
are plotted to create a picture as described 
by the movement of the joystick. All these 
input signals are connected to the first A/D 
socket. In the inhibit DRAW mode the dot is 
moved around by the joystick as a cursor, 
and by keying in from the keyboard the 
desired charcter, this character will appear 
in the character field of the dot.This moving 
dot can be used to erase existing dots, or 
erase characters by keying ‘SPACE’ in the 
desired position. To exit the program, set the 
EXIT program switch in EXIT-DRAW mode 
with the Inhibit-Draw Switch in INHIBIT. 

‘WAVE: Uses the A/D converter to create waveforms 
on the screen when the signals are 
connected to the second A/D socket. 

*DMPO: Unloads any part of RAM to an external 

system starting at an address keyed in by 
the operator in hexadecimal characters (four) 
and ending at another similarly entered 
address. The RAM is unloaded 7 dots at a 
time per line of character and converted to 
two ASCII characters and then transmitted 
serially. 

*DMPI: Loads any part of RAM from an external 
source (or the keyboard) starting at an 
address selected by the first four 
hexadecimal characters entered on the 
keyboard and ending at another similariy 
entered address. The RAM is loaded 7 dots 
at a time per line of character, keyed in by 
two hexadecimal characters, for each word. 
The addresses selected can be display 
addresses 8000H to CFFFH or back-up RAM 
addresses DOOO to FFFFH (warning: FEOOH 
upwards are registers and FFFFH 
downwards are stack). Thus a complete . 
picture could be loaded on to the display. 
Alternately a program could be loaded into 
back-up RAM at EXTO (DOOOH), EXT1 
(D800H), EXT2 (EOOOH), or EXT3 (FOOOH). the 
characters ‘EXTn’ can then be typed in on 
the keyboard and this will then select the 
instructions beginning at address EXTn. 

Thus in-system emulation is easily 
accomplished. 

‘EXTO: Executes a program beginning at RAM 
address DOOOH. The program must 
previously have been entered using DMPI 
selecting DOOOH as the starting address. 

‘EXT1: As EXTO but starts at D800H. 

*EXT2: As EXTO but starts at EOOOH. 

*EXT3: As EXTO but starts at FOOOH. 
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Software Design for a High 
Speed (38.4 kbaud) 

Data Terminai 


National Semiconductor 
Application Note 270 
Wong Hee 
Nick Samaras 
February 1982 



INTRODUCTION 

This application note describes a high speed CRT ter- 
minal designed around the DP8350 CRT controller and the 
INS8080 microprocessor. The hardware is a modified ver- 
sion of the circuit described in Application Note AN-199. 
The software was redesigned and optimized for terminal 
speed and function. In its present form it Is upwards com- 
patible with the Hazeltine 1500 video terminal and has a 
limited graphics capability. Furthermore, it is able to 
communicate with a host computer via an RS-232 port, at 
38.4 kbaud, without using fill-in characters or handshak- 
ing. One 2k by 8 EPROM contains all the software required 
to implement the terminal. Ah optional EPROM can be 
used to add features such as menu display or to transform 
the terminal into a calculator (in the local mode). The 
absence of the second EPROM does not affect the opera- 
tion of the terminal as the software checks for its 
presence. 

DATA TERMINAL FEATURES 

■ Modes: remote/local 

■ Limited graphics 

■ Window scrolling 

■ Line transmitting and local editing 

■ Hazeltine 1500 compatible* 

■ Video display: two pages, 24 x80 characters/page 

■ Upper/lowercase 

■ Scrolling plus screen roll up/roll down 

■ Cursor: blinking (two rates) 

■ Line, character insert/delete 

■ Attributes: dual intensity/inverse video 

■ Full duplex RS-232 port; 110-38400 baud 

■ Keyboard input: 7-bit parallel 

■ Full cursor control and addressing 

■ Cursor enable/disable 

■ Single board (BLC/SBC) compatible design 

*The majority of the software written for the Hazeitine 1500 will run with 

no modification. However, there are differences. 


UNIQUE FEATURES 

Graphics Capability: The graphics capability of this 
terminal, although limited by the number of symbols (34), 
proves to be very helpful. Typical uses include digital 
waveform generation (e.g., logic analyzer display), and 
graph oriented displays such as histograms. A graphics 
menu is available in the local mode. Entering frorfi 
the keyboard will result in a two line menu display. Line 

23 displays upper and lower case characters, while line 

24 displays the corresponding graphics symbols (see 
Figure 3). In local, entering IB will switch the terminal to 
the graphics mode; the ESC key can be used to exit. In re- 
mote mode, the format requirements for graphics display 
generation are summarized by the flowchart shown at 
the bottom of this page. 

The same flowchart can be used in local, if the “lead-in”^^ 
block is omitted. 

Typical transmission sequences are: 

7E, 02, 42, 10, IB 

7E, 02, 63, 10, 10, 10,. ..,10, IB 

7E, 02, 42, 8, 8, 8, 4A, 7E, OC, 7E, OC, IB 

All the graphics symbols, along with the upper and lower 
case characters, are coded into one 2716 EPROM. As a 
result, both the character set and the graphics symbols 
may be customized. The total number of available fonts is 
128. The field on each displayed character is 7 rows by 10 
columns. The alphanumeric symbols occupy a 5 by 7 sub- 
field typically, except for those requiring descenders; they 
occupy a 5 by 9 section, while the graphics symbols utilize 
the whole 7 by 10 field. 

Transmit: The data terminal can transmit one line of text 
upon receipt of the 14H code from the keyboard in local 
mode. Alternately, the host CPU can request transmission 
by sending 14H prefixed by the 7E lead-in code. 

^Note that I indicates a control key entry. 

^\ead-in code: 7E. 



* * Includes the ASCII characters A-Q, a-q, space and DEL. 
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The same function can be used in a relatively unconven- 
tional way when programming in BASIC. The majority of 
BASIC interpreters used in small business systems or 
home computers incorporate a line-oriented editor, almost 
adequate for most of the tasks they have to perform. The 
basic problem with such editors is that they cannot 
change the flow of the program easily. In other words they 
cannot change line numbers. This is a shortcoming, as it is 
both annoying and tedious having to retype segments of 
text in order to change the program flow, just because the 
editor cannot handle altering line numbers only. 

This terminal offers an efficient solution to this problem. 
Simply stated, it allows changing line numbers only. Here 
is a brief description of a typical sequence leading to text 
and/or line number modification. Let us assume that a 
BASIC interpreter is used and that the program that needs 
to be changed is in memory. Using the list command, the 
program lines to be modified can be displayed. Now, while 
in the Command Mode of BASIC, the terminal is switched 
to local. The user has effectively at his disposal a screen- 
oriented editor. The cursor can be moved about and text 
changed as desired; that, of course, includes line 
numbers. When the editing is completed, the user posi- 
tions the cursor on the line that was altered and types IT. 
In response, the cursor scans the line, inverting the attri- 
butes. At the same time the line is transmitted to the host 
CPU in the same order as it was scanned, from left to right. 
Attribute inversion serves as feedback to the user. After 
the last character of each line has been transmitted, the 
cursor returns to the beginning of the following line. As a 
result, consecutive IT keyboard entries transmit succes- 
sive lines. Thus, altering the flow of a BASIC program in- 
volves entering the local mode, changing line numbers, 
transmitting the modified program lines, and switching 
back to on-line operation. All this can be accomplished at 
a fraction of the time usually required otherwise. Finally, 
entering similar lines of text such as the ones found in 
“PRINT” statements, can be accomplished easily by 
switching to local, typing the first line and transmitting it; 
then moving the cursor up one line, changing the line 
number along with parts of the text that are different, re- 
transmitting the line, and so on. In this way the user can 
create a long program segment while operating repetitive- 
ly on one line. 

Insert/Delete with Range: This is a rather unusual func- 
tion that can assist in generating psuedo “screen 
window” effects. Specifically, a pre-selected number of 
display lines can scroll while the rest of the display re- 
mains fixed. Each “window” is defined as N lines by 80 
characters, where: 1<N<48, counting from the current 
cursor location to the end of page. The brief BASIC pro- 
gram that follows demonstrates the use of this function. 
In this example the display lines 1 through 4, and 19 

I through 24 remain “frozen” The message (100 lines long) 
is displayed on lines 5 through 18, demonstrating the 
scrolling of a section of the display. 

100 PRINTCHR$(&H7E)-fCHR$(&H11)-f “ d”; 

110 FORI = 1TO100 

120 PRINT CHR$ (&H7E) + CHR$ (&H1D) -i- CHR$ (&H49) 

I -l-CHR$(12); 

[ 130 PRINT, “WINDOW SCROLLING LINE:”, I, 

I CHR$(&H0D); 

140 NEXT I 


80 Character Software FIFO: This is one of the key items 
that allows terminal communication at 38.4 kbaud without 
handshaking. An 80 character first-in, first-out software 
buffer is used. The incoming characters are stored tempo- 
rarily in this buffer, while the microprocessor is servicing 
interrupts. As time becomes available, the characters are 
retrieved from the FIFO and processed. That includes per- 
forming a terminal function or moving an ASCII character 
to the video memory. The software allows for a large 
number of concurrent service requests such as row start, 
keyboard, as well as multiple ACE interrupts. 

Fast Service Routine for Row Start interrupt: Conven- 
tional row start address look-up and loading are not done 
during the row start interrupt time; instead, a simple row 
counting routine is used. The terminal count (a software 
counter) generates a triggering signal for video RAM wrap- 
around address loading. The use of this technique im- 
proves the system throughput substantially. Cursor and 
Top of the Page address loading (i.e., writing to the appro- 
priate DP8350’s registers) is done during the vertical 
retrace interval. 

Keyboard Controlled Mode Selection: The operating 
mode of the terminal can be selected from the keyboard. 
To aid the user in identifying which mode the terminal is in, 
two cursor blinking rates are used. The low rate indicates 
remote mode; a high rate indicates local. 

Other functions that can be selected from the keyboard 
are; 

1) Upper/lower case. The default mode upon power up is 
determined by reading the SW3 switch setting. 

2) Next page. A software switch that selects for display 
page one or two. 

Read Cursor: In the local mode the present cursor loca- 
tion can be displayed on line 24, columns 79-80. For exam- 
ple, if the cursor is located on line 8, column 66, entering 
t E from the keyboard will result in a display of “Ag” at the 
bottom right hand corner of the screen. This can save time 
in looking up the ASCII equivalent codes of the X, Y cursor 
coordinates to be used in cursor addressing. (Note that, 
tE = ENQ = 05H.) 

The following is an example of how this could be used in a 
BASIC program. 

PRINT CHR$ (&H7E) -f CHR$ (&H11) -f “Ag” 

Upon execution of the above statement, the cursor will 
move to line 8, column 66. 

Menu Display: In the local mode the user has access to a 
menu display that summarizes the terminal’s functions, 
along with the corresponding control codes (see Figure 1). 
This feature is optional and resides in EPROM #2. The im- 
portant thing to note is that various kinds of menu/HELP 
displays can be implemented easily in this fashion. This 
function can be accessed from the keyboard. Alternately, 
a dedicated HELP key (that generates the ID code) can be 
used. 
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FIGURE 1. Sample Menu Display 


Character Generator Fonts 


ADDR 



FIGURE 2. Sample Character Font 






FIGURE 3. Graphics Menu Shown at the Bottom of the Screen 


A complete listing of the software for the “High Speed Data Terminal” can be found on pages 5-84 through 5-103. A HEX dump 
of the character generator set is included on pages 5-82 and 5-83 and the schematic diagram on pages 5-79 and 5-80. 
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1C No. 

Part No. 

1 

DP8350 

2 

INS8080-1 

3 

DP8228 

4 

DP8224 

5 

INS8250 

6, 38, 48 

MM2716 

7 

DM74148 

8 

DP8212 

9,31,32 

DM81 LS95 

10 

DM74LS365 

12 to 19 

MM5257 

20, 22, 30 

DM74LS74 

21 

DM74LS73 

23 

DM74LS86 

24, 27 

DM74LS32 

25 

DM74LS08 

26 

DM74LS04 

33 

MM5034 

37 

DM74LS373 

39 

DM74166 

42 

DM74C00 

45 

DS1488 

46 

DS1489 

47 

DM74LS00 

48 

LM555 



CD 


A26 


E FG 


HU 



All pull-up resistors = 4.7k 1/4W 










CONTROL FUNCTIONS SUMMARY 


Functions 

On-Line / Locai 

Remarks 

Cursor Move/Control 

Line feed 

OA / OA 


Carriage return 

OD / OD 


Tab 

09 / 09 


Cursor up 

7E, OC / OC 


Cursor down 

7E, OB / OB 


Cursor left 

08 / 08 


Cursor right 

10 / 10 


Home 

7E, 12 / 12 


Home and clear 

7E, 1C / 1C 


Enable cursor 

7E, 03 / 03 


Disable cursor 

7E, 06 / 06 


Address cursor 

7E, 11,X, Y / 

Remote only 

Read cursor 

7E, 05 / 05 


insert 

Character insert 

7E, 1E / 1E 


Line insert 

7E, 1A / 1A 


Line insert with range 

7E,1D,49,Y 

Remote only 

Delete 

Character strip 

7E, 04 / 04 


Character delete 

7F / 7F 


Line delete 

7E, 13 / 13 


Line delete with range 

7E,1D,53,Y / 

Remote only 

Clear to end of line 

7E, OF / OF 


Clear to end of page 

7E, 17 / 17 


Miscellaneous 

Local/remote 

/ 00 

Local only 

Upper/lowercase 

/ 7E 

Local only 

Next page 

7E,0E / OE 


Keyboard lock 

7E, 15 / 15 


Keyboard unlock 

7E, 03 / 03 


Bell 

Special Functions 

07 / 

Remote only 


Function menu 

/ ID 

A summary of available functions and their corresponding 
codes (local mode only). 

Graphics on 

7E, 02 / 02 

Enter graphics mode. 

Graphics off 

7E, IB / IB 

Exit graphics mode. 

Graphics menu 

/ 11 

Line 23 displays upper and lower case characters and line 
24 the corresponding graphics symbols (local). 

Line transmit 

7E, 14 / 14 

Transmits the cursor line and inverts its attributes. 

Foreground follows 

7E, IF / IF 


Background follows 

7E, 19 / 19 


Clear foreground 

7E, 18 / 18 


Scale 

/ 07 

The line above the cursor becomes a scale (1-80). This is 
an aid for graphics and text alignment (local). 

Roll up 

7E, 01 / 01 


Roll down 

7E, 16 / 16 
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CHARACTER GENERATOR HEX DUMP 


ADDR 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

0 

14 

14 

14 

14 

■g 

■g 

la 

14 

14 

14 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

7C 

mm 

b1 

la 

1C 

1C 

ic 

0 

0 

0 

0 

0 

0 

20 

1C 

1C 

1C 

1C 

m 

la 

Hi 

1C 

1C 

1C 

0 

0 

0 

0 

0 

0 

30 

14 

8 

14 

B 

14 

8 

14 

8 

14 

8 

0 

0 

0 

0 

0 

0 

40 

0 

0 

0 

55 

2A 

55 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50 

0 

0 

0 

7F 

7F 

7F 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

60 

1C 

1C 

1C 

7C 

7C 

7C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

70 

1C 

1C 

1C 

IF 

IF 

IF 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80 

1C 

1C 

1C 

7F 

7F 

7F 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90 

1C 

1C 

1C 

7C 

7C 

7C 

1C 

1C 

1C 

1C 

0 

0 

0 

0 

0 

0 

AO 

1C 

1C 

1C 

IF 

IF 

IF 

1C 

1C 

1C 

1C 

0 

0 

0 

0 

0 

0 

EO 

1C 

1C 

1C 

7F 

7F 

7F 

1C 

1C 

1C 

1C 

0 

0 

0 

0 

0 

0 

CO 

0 

0 

0 

7F 

7F 

7F 

1C 

1C 

1C 

1C 

0 

0 

0 

0 

0 

0 

DO 

0 

0 

0 

IF 

IF 

IF 

1C 

1C 

1C 

1C 

0 

0 

0 

0 

0 

0 

EO 

1 

3 

7 

E 

C 

18 

38 

70 

60 

40 

0 

0 

0 

0 

0 

0 

FO 

40 

60 

70 

38 

18 

C 

E 

7 

3 

1 

0 

0 

11 



0 

ADDR 

0 

1 

2 

3 

4 

5 

6 

7 

B 

9 

A 

B 

B 



F 

100 

0 

0 

e 

1C 

1C 

3E 

3E 

3E 

0 

0 

0 

0 

0 

0 

0 

0 

110 

0 

0 

0 

0 

78 

8 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

120 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

130 

0 

0 

3E 

22 

22 

22 

22 

3E 

0 

0 

0 

0 

0 

0 

0 

0 

140 

0 

0 

8 

1C 

3E 

1C 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

150 

0 

0 

0 

0 

7F 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

160 

8 

8 

8 

8 

78 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

170 

8 

■8 

8 

8 

F 

0 

G 

0 

n 

0 

0 

0 

0 

0 

0 

0 

180 

8 

8 

8 

8 

7F 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

190 

8 

8 

8 

8 

78 

8 

B 

8 

8 

8 

0 

0 

0 

0 

0 

0 

lAO 

8 

8 

8 

8 

F 

8 

8 

8 

8 

8 
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20 
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0 

0 

0 

0 

0 

0 

0 

0 

410 
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TITLE CRT801 





iMau 1980 




0000' 


ASEG 







0R6 

OOOOOh 






i constants 




OOOA 


LF 

equ 

OAh 



OOOD 


CR 

equ 

ODh 



0020 


SPC 

equ 

020h 



007E 


LINC 

equ 

07Eh 

; lead in code 


0060 


RURG 

equ 

low RR48 

-low RRl+2 


0003 


KULCDE 

equ 

03h 

i kbd unlock code 




} I/O ports 




0080 


KBDPRT 

equ 

080 h 

i keyboard 


0040 


ROWPRT 

equ 

040h 

i row interrupt 


0040 


VERPRT 

equ 

040h 

{vertical interrupt 


0040 


SETSW 

equ 

040h 

{baud sel/ autol f 1 u/lcase 


0002 


LCLIND 

equ 

2 

{ local indicator 


0001 


BELPRT 

equ 

1 

{bell 




} ace 





9000 


ACEDIA 

equ 

09000 h 

{ data 


9001 


ACEITR 

equ 

ACEDTA^-1 

{ interrupt mask 


9003 


ACECTL 

equ 

ACEDTA+3 

{ control 


9005 


ACESTU 

equ 

ACEDTA+5i transmit status 




> ram assignment 




3FFF 


FROWH 

equ 

03FFFh 

i first row reg pair 


3FFE 


FROM 

equ 

FROWh-1 

{ 


3FFD 


LROWH 

equ 

FROWh-2 

{ last row reg pair 


3FFC 


LROW 

equ 

FROWh-3 

{ 


3FFB 


CROWN 

equ 

FROWh-4 

{ cursor row reg pair 


3FFA 


CROW 

equ 

FROWh-5 

{ 


3FF9 


CURH 

equ 

CROW-1 

{ cursor reg pair 


3FF8 


CUR 

equ 

CROW-2 

{ 


3FF7 


TOPH 

equ 

CUR-1 

{ top of page reg pair 


3FF6 


TOP 

equ 

CUR-2 

{ 


3FF5 


NRW 

equ 

TOP-1 

{row counter 


3FF4 


VCALEN 

equ 

TOP -2 

{ vert calc routine enable 


3FF3 


GSYMBL 

equ 

VCALEN-1 

{ graphics symbol 


3FF2 


AULF 

equ 

GSYMBL-1 

{auto 1 inefeed* O*aoto If 


3FF1 


LOCLM 

equ 

AULF-1 

{local mode< O=remote 


3FF0 


ULCASE 

equ 

AULF-2 

{upper/lower case>Oslower 


3FEF 


GECNTL 

equ 

AULF-3 

{graphic enable/ 0=:disable 


3FEE 


KBDLCK 

equ 

AULF-4 

{keyboard loc k/ O«unloc k 


3FED 


RTECTL 

equ 

KBDLCK-lj cursor blink rate cntl 


3FEC 


CUREN 

equ 

KBDLCK-2i cursor enable»0»off 


3FEB 


CURTMR 

equ 

KBDLCK-3i cursor blinking timer 


3FEA 


FFWCT 

equ 

KBDLCK-4 

{ace fifo word count 


3FE9 


LEADIN 

equ 

KBDLCK-5 

{ leadin modeiO=no leadin 


3FE8 


ICMD 

equ 

KBDLCK-6 

{insert char mode> 0-insert 


3FE7 


CPYCTL 

equ 

ICMD-1 

{row copy direction cntl 


3FE6 


FFWRT 

equ 

CPYCTL-lj fifo write pointer 


3FE5 


FFRD 

equ 

CPYCTL-2J fifo read pointer 


3FE5 


STK 

equ 

FFRD 

{ stack 3FE4h down 


3FA3 


LINP 

equ 

FFEND+4 

{ leadin parameter storage 


3FA2 


LINWCT 

equ 

FFEND+3 

{ leadin word count 
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3FA1 


LINFH 

equ 

FFEND+2 

{ leadin func jmp addr high 


3FA0 


LINF 

equ 

FFEND+1 

{ leadin func jmp addr low 


3F9F 


FFEND 

equ 

03F9Fh 

{ace fifo end 


3F50 


FFSTRT 

equ 

03F50h 

{ace fifo start 3F50/3F9Fh 


3F20 


FBG 

equ 

03F20h 

{fore/background cntl 


3F00 


DMYROW 

equ 

03F00h 

{ dummy row 3F00/3F4Fh 


3780 


FCHR2 

equ 

03780h 

{ page 2/ 1st char 




} INTERRUPTS 








0000 

F3 

START: 

DI 


{ restart 0 


0001 

21 3F00 


LXI 

H, DMYROW 

{ clr non video ram 


0004 

F9 


SPHL 




0005 

C3 00E2 


JMP 

INIT 





i row interrupt 




0008 

F5 

ROW: 

PUSH 

PSW 

{ restart 1 


0009 

OC 


I NR 

C 



OOOA 

C2 0066 


JNZ 

NOWRAP 

{ no wrap arroud 


OOOD 

C3 0061 


JMP 

VRWRAP 

{ do wrap arround 




{vertical interrupt 



0010 

E5 

VERT: 

PUSH 

H 

{ restart 2 


0011 

21 3FF5 


LXI 

H, NRW 



0014 

4E 


MOV 

C, M 

{ load NRW 


0015 

C3 07AE 


JMP 

VTSUB 
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>ace duplicate 

interrupt 


0018 

C3 0038 

ACEDUP ; JMP 

ACE 

; restart 3 



; {FUNCTION} disable cursor 


OOIB 

21 3FEC 

DICUR: LXI 

H, CUREN 

; disable cursor 

OOIE 

77 

MOV 

M. A 

; a=0 

OOIF 

C9 

RET 





; keyboard interrupt 


0020 

E5 

KBD: PUSH 

H 

; restart 4 

0021 

F5 

PUSH 

PSW 


0022 

21 3FEE 

LXI 

H, KBDLCK 

; keyboard lock cntl 

0025 

C3 02C9 

JMP 

KBDINT 




irow duplicate 

int errup t 


0028 

F5 

ROWDP: PUSH 

PSW 

; restart 5 

0029 

OC 

I NR 

C 


002A 

C2 0066 

JNZ 

NOWRAP 


002D 

C3 0061 

JMP 

VRWRAP 




ivertical duplicate interrupt 


0030 

C3 0010 

VERTDP: JMP 

VERT 

i restart 6 

0033 

EB 

TABSTP; XCHO 


i h l=crow 

0034 

D1 

POP 

D 

.remove call 

0035 

D1 

POP 

D 


0036 

73 

MOV 

M, E 

; return org crou 

0037 

C9 

RET 
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0038 








iACE INTERRUPT 






0038 

E5 

ACE; 

PUSH 

H 


0039 

F5 


PUSH 

PSW 


003A 

21 3FEB 


LXI 

H, CURTMR 


003D 

D5 


PUSH 

D 


003E 

AF 


XRA 

A 


003F 

77 


MOV 

M, A 

; reset cursor timer 

0040 

2B 


DCX 

H 

; FFWCT 

0041 

34 


I NR 

M 

i f if 0 empty? 

0042 

C2 0244 


JNZ 

STFIFO 

; no. store to f if o 

0045 

2B 


DCX 

H 

; leadin 

0046 

B6 


ORA 

M 


0047 

3A 9000 


LDA 

ACEDTA 

; read ace 

004A 

FB 


El 



004B 

C2 0283 


JNZ 

LINMDE 

; leadin mode 

004E 

E6 7F 

FIFACE: 

ANI 

07Fh 


0050 

11 0267 


LXI 

D, FFCHK 


0053 

D5 


PUSH 

D 

/ pseudo call. 

0054 

FE OA 


CPI 

LF 


0056 

CA 03B1 


JZ 

LFEED 


0059 

CD 01 5C 


CALL 

CAL JMP 


005C 

E6 87 


ANI 

087h 

/ leadin + jmp addr high 

005E 

F8 


RM 


; leadin required, return 

005F 

67 

LCLFUN; 

MOV 

H, A 

; jmp addr high 

0060 

.E9 


PCHL 


. do function 



i row interrupt 

continue 





0061 

3E 01 

VRWRAP; 

MV I 

A. 1 


0063 

32 5000 


STA , 

OSOOOh 

.wrap arround addr 

0066 

D3 40 

NOWRAP; 

OUT 

ROWPRT 

;clr row flip/flop 

0068 

FI 


POP 

PSW 


0069 

FD 


El 



006A 

C9 


RET 





} WRITE 

TO ACE. 






006B 

3E OD 

SNDCR: 

MV I 

A, CR 


006D 

,57 

WTACEA; 

MOV 

D, A 


006E 

3A 9005 

WTACED: 

LDA 

ACESTU 

; check status 

0071 

FE 60 


CPI 

060h 

. hold/tx register 

0073 

DA 006E 


JC 

WTACED 

i not ready 

0076 

CD 075E 


CALL 

$DLY 

; delay 

0079 

7A 

OUTACE; 

MOV 

A. D 


007A 

32 9000 


STA 

ACEDTA 

> write to ace 

007D 

C9 

PAGE 

RET 
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007E 


jROW START LOOKUP TABLE (start addr*7Eh) 

i *********************************************** 

007E 

3EB0 

R0M47D: dw 

03EB0h 

0080 

3000 

R0M48D: dw 

03000h 

0082 

3050 

ROWl 


dw 

03050h 

0084 

30A0 

R0W2 


dw 

030 AO h 

0086 

30F0 

R0W3 


du> 

030F0h 

0088 

3140 

R0W4 


dui 

03140h 

008A 

3190 

R0W5 


du) 

03190h 

008C 

31E0 

R0W6 


du) 

031E0h 

008E 

3230 

R0W7 


dui 

03230h 

0090 

3280 

ROMS 


du> 

03280h 

0092 

32D0 

R0M9 


dui 

032D0h 

6094 

3320 

ROMIO 

dui 

03320h 

0096 

3370 

ROMll 

dui 

03370h 

0098 

33C0 

R0M12 

dui 

033C0h 

009A 

3410 

ROM 13 

dui 

03410b 

009C 

3460 

ROW 14 

dui 

03460h 

009E 

34B0 

R0W15 

dui 

034B0h 

OOAO 

3500 

R0W16 

dui 

03500h 

00A2 

3550 

R0W17 

dui 

03550b 

00A4 

35A0 

R0M18 

dui 

035A0b 

00A6 

35F0 

R0W19 

dui 

035F0h 

00A8 

3640 

R0W20 

dui 

03640b 

OOAA 

3690 

R0M21 

dui 

03690b 

OOAC 

36E0 

R0M22 

dui 

036E0b 

OOAE 

3730 

R0W23 

dui 

03730b 

OOBO 

3780 

R0M24 

dui 

03780b 

00B2 

37D0 

R0W25 

dui 

037D0b 

00B4 

3820 

R0M26 

dui 

03820b 

00B6 

3870 

R0W27 

dui 

03870b 

00B8 

38C0 

R0M28 

dui 

038C0h 

OOBA 

3910 

R0W29 

dui 

03910b 

OOBC 

3960 

R0M30 

dui 

03960b 

OOBE 

39B0 

R0M31 

dui 

039B0b 

OOCO 

3A00 

R0W32 

dui 

03A00h 

00C2 

3A50 

R0M33 

dui 

03A50h 

00C4 

3AA0 

R0W34 

dui 

03AA0b 

00C6 

3AF0 

R0W35 

dui 

03AF0b 

00C8 

3B40 

R0M36 

dui 

03B40b 

OOCA 

3B90 

R0W37 

dui 

03B90b 

OOCC 

3BE0 

R0W3e 

dui 

03BE0b 

OOCE 

3C30 

R0W39 

dui 

03C30b 

OODO 

3C80 

R0W40 

dui 

03C80b 

00D2 

3CD0 

R0M41 

dui 

03CD0b 

00D4 

3D20 

R0U42 

dui 

03D20b 

00D6 

3D70 

R0W43 

dui 

03D70b 

00D8 

3DC0 

R0W44 

dui 

03DC0b 

OODA 

3E10 

R0W45 

dm 

03E10b 

OODC 

3E60 

R0M46 

dm 

03E60b 

OODE 

3EB0 

R0W47 

dm 

03EB0b 

OOEO 

3F00 

R0W48 

PAGE 
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00E2 

00E2 

3E 20 

i INITIALIZE 

i ************************************************ 

INIT: MVI A, SPC i space 

00E4 

16 E9 


MVI 

D» lorn LEADIN; byte count 

00E6 

CD 04C7 


CALL 

DRLLP 1 store spaces 

00E9 

AF 


XRA 

A 

OOEA 

32 3FA2 


STA 

LINWCT / zero leadin mord count 

OOED 

16 17 


MVI 

D>256-lom LEADINi byte count 

OOEF 

CD 04C7 


CALL 

DRLLP 1 store zeros 

00F2 

31 3FE7 


LXI 

SJP. STK+2 

00F5 

21 5050 


LXI 

Hi 05050b 

OOFS 

E5 


PUSH 

H »• set up fifo rd/mrt ptrs 

00F9 

CD 04AE 


CALL 

CURULK i enable cursor* unlock kbd 

OOFC 

32 3FEA 


STA 

FFWCT I zero fifo mord coont(FFb! 

OOFF 

23 


INX 

H 1 RTECTL 

0100 

36 1C 


MVI 

Mi OlCb i cursor blink cntl 

0102 

2E FC 


MVI 

Li lorn LROM; last rom 

0104 

36 BO 


MVI 

Mi lorn RR24 

0106 

2E FE 


MVI 

Li lorn FRDWi first rom 

0108 

36 82 


MVI 

Mi lorn RRl 

OlOA 

DB 80 


IN 

KBDPRT i clear keyboard intr 

OlOC 

CD 04CE 


CALL 

CLRSCN i clear screen 

OlOF 

CD 07BF 


CALL 

ACESM i init ace* read setsm 

0112 

3E 3F 

PATTN: 

MVI 

Ai 03Fb 

0114 

21 3780 


LXI 

HiFCHR2 list byte of page 2 

0117 

75 

PTNLP: 

MDV 

Mi L imrite pattern 

, 0118 

23 


INX 

H 

0119 

BC 


CMP 

H 


5-86 


OllA 

C2 0117 


JNZ 

PTNLP 


OllD 

D3 01 


OUT 

BELPRT 

/ring bell for ready 



; CALCULATE SCREEN ADDR 

AFTER VERTICAL INTERRUPT 

OllF 

2E EB 

VCAL: 

MVI 

L> lou 

CURTMR 

0121 

7E 


MOV 

A. M 


0122 

2F 


CMA 



0123 

34 


INR 

M 

/ cursor timer 

0124 

23 


INX 

H 

; cursor enab le 

0125 

A6 


ANA 

M 


0126 

23 


INX 

H 

/ rate cnt 1 

0127 

A6 


ANA 

M 

/blink rate mask 

0128 

C4 0174 


CNZ 

CURLOC 

/ cursor on 

012D 

3E 20 


MVI 

A. 020h 

; 8350 offset 

012D 

84 


ADD 

H 

1 offset addr high 

012E 

67 


MOV 

H, A 

i =5Fh if cursor off 

012F 

E5 


PUSH 

H 

i save cursor 

0130 

2A 3FFE 


LHLD 

FROW 


0133 

2B 


DCX 

H 

/ fetch row start 

0134 

7E 


MOV 

A, M 


0135 

C6 20 


ADI 

020h 

i offset addr high 

0137 

57 


MOV 

D. A 


0138 

2B 


DCX 

H 
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0139 






0139 

5E , 


MOV 

E, M 

j de=top of page 

013A 

7D 


MOV 

A, L 

icalc row wrap constant 

013B 

OF 


RRC 


/ divide by 2 

013C 

C6 8F 


ADI 

08Fh 

/•add offset 

013E 

El 


POP 

H 

/ cursor location 

013F 

F3 


DI 



0140 

22 3FF8 


SHLD 

CUR 

i update cursor 

0143 

EB 


XCHG 



0144 

22 3FF6 


SHLD 

TOP 

i update top of page 

0147 

21 3FF5 


LXI 

H, NRW 


014A 

77 


MOV 

M, A 

i row wrap constant 

014B 

2B 


DCX 

H 

; VCALEN 

014C 

36 00 


MVI 

M, 0 

/disable VCAL routine 

014E 

FB 

WAIT; 

El 



014F 

76 


HLT 



0150 

7E 


MOV 

A, M 

i VCALEN 

0151 

B7 


ORA 

A 

/check from vert intr 

0152 

CA 014E 


JZ 

WAIT 

/ no 

0155 

C3 OllF 


JMP 

VCAL 

/ do screen calculations 



; CALCULATE JMP 

ADDR 


0158 

2E E9 

CJMP: 

MVI 

L, loui 1 

LEADIN 

015A 

E6 7F 


ANI 

07Fh 

/mask 1st bit 

015C 

FE 20 

CAL JMP: 

CPI 

SPC 


015E 

DA 0168 


JC 

FUNC 

iO-lFh. func 

0161 

FE 7E 


CPI 

07Eh 


0163 

DA 0372 


JC 

CHAR 

/20-7Dh/ char input 

0166 

D6 5E 


SUI 

05Eh 

;7E/7Fh to 20/21h 

0168 

2B 

FUNC: 

DCX 

H 

/■ insert mode 

0169 

74 


MOV 

M, H 

/ hOO/ defeat insert modi 

016A 

07 

JMP ADD; 

RLC 


/ *2/ msb=0 

016B 

5F 


MOV 

E, A 

i d=02h (jmp tbl) 

016C 

lA 


LDAX 

D 

i fetch jmp addr low 

016D 

6F 


MOV 

L, A 


016E 

13 


INX 

D 


016F 

lA 


LDAX 

D 

/fetch jmp addr high 

0170 

C9 


RET 





; CALCULATE CUR 

LOC AND 

CUR TO END DIFF 

0171 

3E 50 

DFCLOC; 

MVI 

A, 80 


0173 

90 


SUB 

B 

/Cursor to end differeni 



; CALCULATE CURSOR LOCATION 

0174 

2A 3FFA 

CURLOC: 

LHLD 

CROW 


0177 

2D 


DCX 

H 


0178 

56 


MOV 

D, M 


0179 

2B 


DCX 

H 


017A 

5E 


MOV 

E. M 


017B 

68 


MOV 

L, B 


017C 

19 


DAD 

D 

ihl-cursor address 

017D 

C9 


RET 
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;ROW WRAP AROUND LOOKUP TABLE (start addr=17Eh> 


017E 

OOEO 

RR47D: 

dw 

OOEOh 

0180 

0082 

RR48D: 

dw 

0082h 

0182 

0084 

RRl; 

dw 

0084h 


5-87 


AN-270 


AN-270 


0184 0086 

RR2 


dw 

0086h 

0186 0088 

RR3 


dui 

0088h 

0188 008A 

RR4 


du> 

008Ah 

018A 008C 

RR5 


du) 

008Ch 

018C 008E 

RR6 


dui 

OOBEh 

. 018E 0090 

RR7 


du> 

0090h 

0190 0092 

RR8 


dui 

0092h 

0192 0094 

RR9 


du> 

0094h 

0194 0096 

RRIO 

du) 

0096h 

0196 0098 

RRll 

du 

0098h 

0198 009A 

RR12 

du) 

009Ah 

019A 009C 

' RR13 

du> 

009Ch 

019C 009E 

RR14 

du) 

009Eh 

019E OOAO 

RR15 

du) 

OOAOh 

01 AO 00A2 

RR16 

dui 

00A2h 

01A2 00A4 

RR17 

dw 

00A4h 

01A4 00 A6 

RR18 

du) 

00A6h 

01A6 00A8 

RR19 

dw 

00A8h 

01A8 OOAA 

RR20 

duj 

OOAAh 

OlAA OOAC 

RR21 

dui 

OOACh 

01 AC OOAE 

RR22 

du) 

OOAEh 

OlAE OOBO 

RR23 

du) 

OOBOh 

OIBO 00B2 

RR24 

dut 

00B2h 

01B2 00B4 

RR25 

du) 

00B4h 

01B4 00B6 

RR26 

dui 

00B6h 

01B6 00B8 

RR27 

duJ 

OOBBh 

01B8 OOBA 

RR28 

du) 

OOBAh 

OIBA OOBC 

RR29 

du 

OOBCh 

OIBC OOBE 

RR30 

du 

OOBEh 

OIBE OOCO 

RR31 

du 

OOCOh 

OICO 00C2 

RR32 

du 

00C2h 

01C2 00C4 

RR33 

du 

00C4h 

01C4 00C6 

RR34 

du 

00C6h 

01C6 00C8 

RR35 

du 

OOCSh 

01C8 OOCA 

RR36 

du 

OOCAh 

OICA OOCC 

RR37 

du 

OOCCh 

OICC OOCE 

RR38 

du 

OOCEh 

OICE OODO 

RR39 

du 

OODOh 

01 DO 00D2 

RR40 

du 

00D2h 

01D2 00D4 

RR41 

du 

00D4h 

01D4 00D6 

RR42 

du 

00D6h 

01D6 00D8 

RR43 

du 

OODBh 

01D8 , OODA 

RR44 

du 

OODAh 

01 DA OODC 

RR45 

du 

OODCh 

01 DC OODE 

RR46 

du 

OODEh 

OIDE OOEO 

RR47 

du 

OOEOh 

OlEO 0082 

RR48 

du 

00B2h 

01E2 0084 

RRID 

du 

00B4h 
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iJUMP ADDRESS 

CONSTANTS 




i A15 

0= 

no leadin required 


iA14/A12:- parameter count 


i All 

: - 0= 

local function 

1000 

1^1 


equ 

OlOOOh i one para adder 

2000 

y2 


equ 

02000h ; tuo para adder 

8000 

LIN 


equ 

OBOOOh ; leadin adder 

0800 

NLC 


equ 

OOBOOh ; not local adder 

0A5F 

FI 


equ 

RTN+NLC 

03B9 

F2 


equ 

CARRTN 

03B1 

F3 


equ 

LFEED 

0C34 

F4 


equ 

BELL+NLC 

060A 

F5 


equ 

TAB 

0437 

F6 


equ 

FS 

041F 

F7 


equ 

BS 

844E 

F8 


equ 

UPCUR+LIN 

8460 

F9 


equ 

DWNCUR+LIN 

84D8 

FIO 


equ 

HOMCUR+LIN 

85F3 

Fll 


equ 

NPAGE+LIN 

8472 

F12 


equ 

ROLUP+LIN 

848C 

F13 


equ 

ROLDWN+LIN 

84AE 

F14 


equ 

CURULK+LIN 

8DD1 

F15 


equ 

RDCUR+LIN+NLC 

ADA2 

F16 


equ 

ADDCUR+LIN+NLC+W2 

84F1 

F17 


equ 

FGNDF+LIN 

84F7 

F18 


equ 

BONDF+LIN 

836B 

F19 


equ 

INSCHAR+LIN 

8358 

F20 


equ 

STOFCH+LIN 

8505 

F21 


equ 

INSLNE+LIN 

8512 

F22 


equ 

STOFLNE+LIN 

AD26 

F23 


equ 

ISLRG-»-LIN+NLC+W2 

9E8A 

F24 


equ 

GRAPH+LIN+NLC+Wl 


5-88 



0419 


F25 

equ 

DEL 


83DB 


F26 

equ 

DCROW-f-LIN 

84C0 


F27 

equ 

DRTLN+LIN 

84BA 


F28 

equ 

DRTPG+LIN 

8642 


F29 

equ 

CFB+LIN 


84CE 


F30 

equ 

CLRSCN+LIN 

8CB6 


F31 

equ 

KBLK+LIN+NLC 

801B 


F32 

equ 

DICUR+LIN 

871D 


F33 

equ 

SNDLNE-i-LIN 

87BF 


F34 

equ 

ACESW+LIN 

0AC5 


F35 

equ 

LINSET+NLC 

86BC 


F36 

equ 

DEGRPH+LIN 
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01E4 


;PUT A 

WORD TO 

ACE 


01E4 

57 

KBDACE; 

MOV 

D, A 


01E5 

3A 9005 


LDA 

ACESTU 


01E8 

E6 20 


ANl 

020h 


OlEA 

CA 01E5 


JZ 

KBDACE+lfnot ready 

OlED 

C3 0079 


JMP 

OUTAGE 




i ACE BAUD RATE 

CONSTANTS 


OlFO 

06AB 

BllO: 

duf 

1707 

0 

01F2 

0139 

B600: 

du) 

313 

1 

01F4 

009C 

B1200: 

dui 

156 

0. 3% 2 

01F6 

004E 

B2400: 

dui 

78 

0. 37. 3 

01F8 

0027 

B4800: 

du) 

39 

0. 37. 4 

OlFA 

0014 

B9600; 

dui 

20 

2. 37. 5 

OlFC 

OOOA 

B 19200: 

du> 

10 

2. 37. 6 

OlFE 

0005 

B38400; 

duf 

5 

2. 37. 7 



i FUNCTION JUMP 

TABLE 

(start addr=200h) 




0200 

0A5F 

TBLJMP: 

duf 

FI 

null/toggle local 

0202 

8472 


duf 

F12 

A: roll up 

0204 

9E8A 

CD; 

duf 

F24 

B: graphics mode 

0206 

84AE 


duf 

F14 

C: on cursor/unloc k kbd 

0208 

8358 


du 

F20 

D: strip off character 

020A 

8DD1 

CE: 

duf 

F15 

E: read cursor 

020C 

eoiB 


duf 

F32 

F: disable cursor 

020E 

0C34 

CG: 

duf 

F4 

G: bel 1/scale 

0210 

041F 


duf 

F7 

H: cursor left 

0212 

060A 


duf 

F5 

I: tab 

0214 

03B1 


duf 

F3 

J: line feed 

0216 

8460 


duf 

F9 

K: cursor down 

0218 

844E 


duf 

F8 

L: cursor up 

021A 

03B9 


duf 

F2 

M: carriage return 

021C 

85F3 


duf 

Fll 

N: next page 

021E 

84C0 


duf 

F27 

0: delete rest of line 

0220 

0437 


duf 

F6 

P: cursor right 

0222 

ADA2 

CQ: 

duf 

F16 

Q: address cursor/menu 

0224 

84D8 


duf 

FIO 

R: home cursor 

0226 

8512 


duf 

F22 

S: strip off a 1 ine 

0228 

871D 


duf 

F33 

T : transmit a 1 ine 

022A 

8CB6 

CU: 

duf 

F31 

U: loc k keyboard 

022C 

848C 


duf 

F13 

V: rol 1 down 

022E 

84BA 


duf 

F28 

W: delete rest of page 

0230 

8642 


duf 

F29 

X: clear fore/background 

0232 

84F7 


duf 

FIB 

Y: background follows 

0234 

8505 


duf 

F21 

Z: insert line 

0236 

86BC 


duf 

F36 

IB: esc/defeat graphics 

0238 

84CE 


duf 

F30 ; 1C: home and clear screen 

023A 

AD26 

CID: 

duf 

F23 i ID: insert/strip Ine/rng 

023C 

836B 


duf 

F19 

IE: insert character 

023E 

a4Fl 


duf 

F17 

IF: foreground follows 

0240 

0AC5 

C7E: 

duf 

F35 

7E: leadin/ace; u/l-case 

0242 

0419 


duf 

F25 f7F: delete 
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i STORE 

A WORD 

TO ACE FIFO 

0244 

3E 50 

STFIFO: 

MV I 

.A> 80 


0246 

BE 


CMP 

M 

exceeding 80 words? 

0247 

3A 9000 


LDA 

ACEDTA 

read ace 

024A 

DA 032C 


JC 

OVRNG 

more than 80 words 

024D 

2E E6 


MV I 

L, louf FFWRT 

024F 

54 


MOV 

D, H 

set up write pointer high 

0250 

5E 


MOV 

E, M 

set up write pointer low 

0251 

12 


STAX 

D 

store to fifo 

0252 

7D . 


MOV 

A, E 


0253 

3C 


I NR 

A 

advance pointer 

0254 

FE AO 


CPI 

low FFEND+1; exceed ing 80 words? 

0256 

DA 025A 


JC 

WFFRNG 

less than 80 words 

0259 

IF 


RAR 


fifo start again 


5-89 


AN-270 


AN-270 


025A 

77 

WFFRNG: 

HOV 

M, A 

j advance write pointer 

035B 

FB 


El 



025C 

D1 

CMRTN: 

POP 

D 


025D 

FI 


POP 

PSW 


025E 

El 


POP 

H 




; ■CFUNCTION> 

unused keys 


025F 

C9 

RTN: 

RET 





;KEY BOARD RETURN, addr 

high=2h 

0260 

AF 

KLCRTN; 

XRA 

A 

; enable keyboard 

0261 

32 3FEE 


STA 

KBDLCK 


0264 

C3 025C 


JMP 

CMRTN 




i CHECK 

FIFO 

AND RETURN, 

addr high=2h 

0267 

21 3FEA 

FFCHK: 

LXI 

H, FFWCT 

i f ifo word count 

026A 

35 


DCR 

M 

{ f i f 0 emp ty? 

026B 

FA 02 5C 


JM 

CMRTN 

; empty 




iREAD A 

UORD 

FROM ACE FIFO 

026E 

2E E5 

RDFIFO: 

MV I 

L, low FFRD 

0270 

54 


MOV 

D, H 

; set op read pointer high 

0271 

5E 


MOV 

E, M 

; set up read pointer low 

0272 

7B 


MOV 

A, E 


0273 

3C 


I NR 

A 

i advance read pointer 

0274 

FE AO 


CPI 

low FFEND+li exceeding 80 words? 

0276 

DA 027A 


JC 

RFFRNG 

; less than 80 words 

0279 

IF 


RAR 


} f ifo start again 

027A 

77 

RFFRNO: 

MOV 

M, A 

i store read pointer 

027B 

2E E9 


MV I 

L, low LEADIN 

027D 

7E 


MOV 

A, M 


027E 

B7 


ORA 

A 

! leadin modes=0? 

027F 

lA 


LDAX 

D 

i read f if o word 

0280 

CA 004E 

PAGE 

JZ 

FIFACE 

} not leadin, normal entry 
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0283 


i LEAD IN 

MODE 



0283 

E6 7F 

LINMDE: 

AN I 

07Fh 

i mask input 

0285 

11 0267 


LXI 

D, FFCHK 


0288 

D5 


PUSH 

D 

; pseudo call 

0289 

2E A2 


MV I 

L, low LINWCT 

028D 

5E 


MOV 

E, M 

i leadin word count 

028C 

ID 


DCR 

E 

j word count=0? 

028D 

F2 02B3 


JP 

LINPRA 

; parameter entries 

0290 

FE 20 


CPI 

SPC 

; control codes? 

0292 

D2 02C2 


JNC 

ILELIN 

;not cntl code, error 

0295 , 

CD 016A 


CALL 

JMP ADD 

; fetch jmp address 

0298 

B7 


ORA 

A 


0299 

F2 02C2 


JP 

ILELIN 

; code requires no leadin 

029C 

E6 77 


AN I 

077h 

; word count/jmp addr high 

029E 

67 


MOV 

H, A 

i save 

029F 

E6 70 


ANI 

070h 

;mask word count 

02A1 

CA 02BE 


JZ 

LINEXE 

} do function 

02A4 

OF 

LINPFN: 

RRC 


jright justify word count 

02A5 

OF 


RRC 



02A6 

OF 


RRC 



02A7 

OF 


RRC 



02A8 

32 3FA2 


STA 

LINWCT 

i store to word count reg 

02AB 

3E 07 


MV I 

A, 07h 


02AD 

A4 


ANA 

H 

i get jmp addr high 

y 02AE 

67 


MOV 

H, A 


02AF 

22 3FA0 


SHLD 

LINF 

; save function jmp addr 

02B2 

C9 


RET 



02B3 

73 

LINPRA: 

MOV 

M, E 

i leadin word count-1 

02B4 

16 00 


MVI 

D, 0 

i d!=0, e^word count-1 

02B6 

23 


INX 

H 

j LINP 

02B7 

19 


DAD 

D 

i h l=para pointer 

02B8 

77 


MOV 

M, A 

i store word 

02B9 

CO 


RNZ 


; word countOO, next word 

02BA 

2A 3FA0 


LHLD 

LINF 

i load leadin jmp address 

02BD 

AF 


XRA 

A 


02BE 

32 3FE9 

LINEXE: 

STA 

LEADIN 

; defeat 1 ead in 

02C1 

E9 


PCHL 


; do function 

02C2 

D3 01 

ILELIN: 

OUT 

BELPRT 

; illegal code after leadin 

02C4 

AF 


XRA 

A 

; a=0, reset leadin 


5-90 



; ■CFUNCTION> set leadin mode 


02C5 

02C8 

32 3FE9 L INSET; 

C9 

STA 

RET 

LEADIN 

i aOO- 


PAGE 
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i keyboard interrupt continue 


02C9 

AF 

KBDINT: 

XRA 

A 


02CA 

32 3FEB 


STA 

CURTMR 

ireset cursor blink timer 

02CD 

B6 


ORA 

M 

i keyboard locked? 

02CE 

DB 80 


IN 

KBDPRT 

; read keyboard 

02D0 

FB 


El 



02D1 

D5 


PUSH 

D 


02D2 

C2 0327 


JNZ 

KNACTV 

i keyboard not active 

02D5 

B7 


ORA 

A 


02D6 

CA 0333 


JZ 

TGLCL 

i toggle local 
i defeat graphics 

02D9 

77 


MOV 

M, A 

i lock keyboard 

02DA 

11 0260 


LXI 

D, KLCRTN 


02DD 

D5 


PUSH 

D 

{generate pseudo call 

02DE 

23 


INX 

H 

} GECNTL 

02DF 

D6 


ORA 

M 


02E0 

23 


INX 

H 

i ULCASE 

02E1 

FE 61 


CPI 

061 h 


02E3 

DA 02EC 


JC 

NLCSE 

i not lower case 

02E6 

FE 7D 


CPI 

07Bh 


02E8 

D2 02EC 


JNC 

NLCSE 

i not lower case 

02EB 

96 


SUB 

M 

iu/l case cntl»m=20h/0 

02EC 

23 

NLCSE; 

INX 

H 

; local 

02ED 

5E 


MOV 

E, M 


02EE 

1C 


I NR 

E 

j local mode? 

' 02EF 

C2 01E4 


JNZ 

KBDACE 

1 write to ace 

02F2 

FE AO 

LCL: 

CPI 

OAOh 

j parameter entry? 

02F4 

D2 068D 


JNC 

LGPARA 

; yes 

02F7 

CD 0158 


CALL 

CJMP 

> get jmp addr 

02FA 

E6 OF 


AN I 

OFh 


02FC 

FE 08 


CPI 

08h 

i local? 

02FE 

DA 00 5F 


JC 

LCLFUN 

; do local function 

0301 

7D 


MOV 

A, E 

; read lookup tbl ptr 

0302 

FE 05 


CPI 

low CB+1» cntl B? 

0304 

CA 06B7 


JZ 

ENGRPH 

{enable graphics mode 

0307 

FE OB 


CPI 

low CE+li cntl E? 

0309 

CA 0773 


JZ 

LRDCUR 

{display cursor location 

030C 

FE OF 


CPI 

low CG+1 

{ cntl G? 

030E 

CA 0784 


JZ 

SCALE 

{ put scale 

0311 

FE 23 


CPI 

low CQ-^l 

{ cntl Q? 

0313 

CA 06D5 


JZ 

PGM 

{put graphics menu 

0316 

FE 41 


CPI 

low C7E-H 

0318 

CA 07CD 


JZ 

ATGUL 

{ init acer toggle u/1 case 

03ie 

FE 3B 


CPI 

low ClD-^l 

031D 

CA 034F 


JZ 

R0M2 

{do rom2 functions 

0320 

FE 2B 

PAGE 

CPI 

low CU+l 

{cntl U? 
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0322 

0322 

CO 


RNZ 


unused keys 

0323 

D1 


POP 

D 

{pseudo rtn+lock kbd 

0324 

C3 0261 


JMP 

KLCRTN+1 



0327 

EE 03 

KNACTV: 

XRI 

KULCDE { 

lock/unlock kbd? 

0329 

CA 025A 


JZ 

CMRTN-2 { 

unlock keyboard 

032C 

3E 50 

QVRNG: 

MVI 

A. 80 { 

for FFWCT 

032E 

D3 01 


OUT 

BELPRT 


0330 

C3 025A 


JMP 

CMRTN-2 { 

lock kbd 

0333 

23 

TGLCL: 

INX 

H { 

GECNTL 

0334 

77 


MOV 

M, A { 

disable graphics mode 

0335 

32 3FE9 


STA 

LEADIN i 

reset leadin 

0338 

2E FI 


MVI 

L , low LOCLM 

033A 

7E 


MOV 

A, M 


033B 

2F 


CMA 

} 

toggle local 

033C 

77 


MOV 

M, A 


033D 

CD 07E8 


CALL 

EDACE { 

en/disable ace 

0340 

C2 0345 


JNZ 

ONLINE 


0343 

3E IE 


MVI 

A, 03h XOR OlDh 

0345 

EE ID 

ONLINE: 

XRI 

OlDh 




5-91 


AN-270 


AN-270 


0347 

00 

nop 


i out Ic Iprt 

0348 

00 

nop 



0349 

32 3FED 

STA 

RTECTL 

i select blink rate 

034C 

C3 025C 

JMP 

CMRTN 




} JMP TO R0M2 



034F 

3A 0800 

R0M2: LDA 

0800h 

i check presence of rom2 

0352 

FE 55 

CPI 

055h 

i«55h? 

0354 

CO 

RNZ 


i not exist 

0355 

C3 0801 

JMP 

080 Ih 

iokf do jmp 




} <FUNCTION> 

stripe off 

a character 

0358 

CD 0171 

STDFCH: 

CALL 

DFCLOC 

f get cur loc and diff 

035B 

3D 


DCR 

A 


035C 

CA 0434 


JZ 

BELL 

) last column* error 

035F 

23 

STQFLP: 

INX 

H 


0360 

56 


MOV 

D>M 


0361 

2B 


DCX 

H 


0362 

72 


MOV 

M, D 

j do copy 

0363 

23 


INX 

H 


0364 

3D 


DCR 

A 


0365 

C2 035F 


JNZ 

STOFLP 


0368 

C3 03A4 


JMP 

PSPC 

{ put a space 



{ <FUNCTION> 

insert character 

036B 

AF 

INSCHAR 

: XRA 

A 


036C 

32 3FE8 


STA 

ICMD 

{enable insert mode 

036F 

C3 03BD 

PAGE 

JMP 

INSCHR 


STARPLEX 

MACRO-ASSEMBLER V2. 0 


PAGE 

14 

CRT801 






0372 








{CHARACTER INPUT 


0372 

D1 

CHAR: 

POP 

D 

{ pseudo return 

0373 

2E 20 


MVI 

L. low FBG 

0375 

AE 


XRA 

M 

{add attribute 

0376 

AD 


XRA 

L 

{remove space code 

0377 

2A 3FFA 


LHLD 

CROU 

{calculate cursor loc 

037A 

2D 


DCX 

H 


037B 

56 


MOV 

D, M 


037C 

2D 


DCX 

H 


037D 

5E 


MOV 

E, M 


037E 

68 


MOV 

L. B 

{row start+cursor 

037F 

19 


DAD 

D 

{hl*cursor address 

0380 

77 


MOV 

M> A 

{write to screen 

0381 

3E 4F 


MVI 

Ai 79 


0383 

A8 


XRA 

B 

{ last column? 

0384 

CA 03C0 


JZ 

LSTCHR 

{ last* do scrol 1 

0387 

04 

MIDCHR: 

I NR 

B 

{ else advance cursor 

0388 

3A 3FE8 


LDA 

ICMD . 

{ insert mode? 

038B 

B7 


ORA 

A 


038C 

CO 


RNZ 


{not insert mode 

038D 

3E 4F 

I NSC HR: 

MVI 

A, 79 


038F 

90 


SUB 

B 

{byte counter 

0390 

CA 03AB 


JZ 

ILCHAR 

{ cursor at last column 

0393 

2A 3FFA 


LHLD 

CRON 


0396 

5E 


MOV 

E. M 


0397 

23 


INX 

H 


0398 

56 


MOV 

D> M 

{ d=roii) end+1 

0399 

IB 


DCX 

D 

{ row end 

039A 

EB 


XCHG 



039B 

2B 

INSLP: 

DCX 

H 


039C 

56 


MOV 

D> M 


039D 

23 


INX 

H 


039E 

72 


MOV 

M,D 

{ do copy 

039F 

2B 


DCX 

H 

03A0 

3D 


DCR 

A 


03A1 

C2 039B 


JNZ 

INSLP 


03A4 

3E 80 

PSPC: 

MVI 

A. OBOh 


03A6 

A2 


ANA 

D 

{ get character attribute 

03A7 

F6 20 


OR I 

SPC 

{add space 

03A9 

77 


MOV 

n, A 


03AA 

C9 


RET 



03AB 

3C 

ILCHAR: 

I NR 

A 

{make aOO 

03AC 

D3 01 


OUT 

BELPRT 


03AE 

C3 03CE 

PAGE 

JMP 

DICMD 

{ defeat insert char mode 


5-92 
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03B1 

3A 3FF2 

; -CFUNCTION} line feed 
LFEED: LDA AULF 

i auto line feed? 

03D4 

B7 

ORA A 


03B5 

C2 03C1 

JNZ LFD 

i do 1 ine feed 

03B8 

C9 

RET 



i ■CFUNCTION> carriage return 


03B9 

3A 3FF2 

CARRTN; LDA 

AULF 

« auto line feed? 

03BC 

B7 

ORA 

A 


03BD 

C2 04DE 

JNZ 

ZROCUR 

i do cr only 


03C0 

47 

LSTCHR: 

MOV 

B. A 

; set cursor to 1st ( 

03C1 

11 3FFC 

LFD: 

LXI 

D, LROW 

03C4 

2A 3FFA 


LHLD 

CROW 


03C7 

24 


I NR 

H 


03C8 

lA 


LDAX 

D 


03C9 

BD 


CMP 

L 

i crou=lrow? 

03CA 

7E 


MOV 

A, M 

i nex t row 

03CB 

32 3FFA 


STA 

CROW 

} crow+1 

03CE 

32 3FEB 

DICMD: 

STA 

ICMD 

i defeat insert char 

03D1 

CO 


RNZ 


i not last row 

03D2 

EB 

LFSCR: 

XCHG 


; last row/ do scrol 

03D3 

F3 


DI 



03D4 

77 


MOV 

M, A 

} lrow+1 

03D5 

2E FE 


MV I 

L, loui 

FROW 

03D7 

5E 


MOV 

E, M 

i de*row wrap arroun 

03D8 

lA 


LDAX 

D 


03D9 

77 


MOV 

M, A 

; frow+1 

03DA 

FB 


El 






; •CFUNCTION> clear cursor 

row 

03DB 

2A 3FFA 

DC ROW: 

LHLD 

CROW 


03DE 

EB 

CLRROW: 

XCHG 



03DF 

21 0000 


LXI 

H, 0 


03E2 

39 


DAD 

SP 


03E3 

EB 


XCHG 



03E4 

F3 


DI 



03E5 

F9 


SPHL 



03E6 

El 


POP 

H 

; lookup row start 

03E7 

F9 


SPHL 


» 5p»row start 

03E8 

FB 


El 



03E9 

2A 3F20 

PAGE 

LHLD 

FBG 

I space + attribute 

STARPLEX 

MACRO-ASSEMBLER V2. 0 


PAGE 

16' 

CRT801 






03EC 

03EC 

E5 

PUSHSP: 

PUSH 

H 

> do cl ear row 

03ED 

E5 


PUSH 

H 


03EE 

E5 


PUSH 

H 


03EF 

E5 


PUSH 

H 


03F0 

E5 


PUSH 

H 


03F1 

E5 


PUSH 

H 


03F2 

E5 


PUSH 

H 


03F3 

E5 


PUSH 

H 


03F4 

E5 


PUSH 

H 


03F5 

E5 


PUSH 

H 

} 10 

03F6 

E5 


PUSH 

H 


03F7 

E5 


PUSH 

H 


03F8 

E5 


PUSH 

H 


03F9 

E5 


PUSH 

H 


03FA 

E5 


PUSH 

H 


03FB 

E5 


PUSH 

H 


03FC 

E5 


PUSH 

H 


03FD 

E5 


PUSH 

H 


03FE 

E5 


PUSH 

H 


03FF 

E5 


PUSH 

H 

; 20 

0400 

E5 


PUSH 

H 


0401 

E5 


PUSH 

H 


0402 

E5 


PUSH 

H 


0403 

E5 


PUSH 

H 


0404 

E5 


PUSH 

H 


0405 

E5 


PUSH 

H 


0406 

E5 


PUSH 

H 


0407 

E5 


PUSH 

H 


0408 

E5 


PUSH 

H 


0409 

E5 


PUSH 

H 

; 30 

040A 

E5 


PUSH 

H 


040B 

E5 


PUSH 

H 


040C 

F3 


DI 





5-93 


AN-270 



AN-270 


040D 

E5 

PUSH 

H 


040E 

E5 

PUSH 

H 


040F 

E5 

PUSH 

H 


0410 

E5 

PUSH 

H 


0411 

E5 

PUSH 

H 


0412 

E5 

PUSH 

H 


0413 

E5 

PUSH 

H 


0414 

E5 

PUSH 

H 

; 40 

0415 

EB 

XCHG 



0416 

F9 

SPHL 



0417 

FB 

BSRTN; El 



0418 

C9 

RET 






} •CFUNCTION> 

delete 


0419 

3E 20 

DEL: 

MVI 

A, SPC 


041B 

CO 06CB 


CALL 

STSP 

; store space 

041E 

AF 

PAGE 

XRA 

A 

> do back spac 
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i'CFUNCTION> back space 


041F 

C4 06C1 

BS: 

CNZ 

CHKGM 

; check graphics mode 

0422 

F3 

BSl: 

01 



0423 

05 


OCR 

B 

; cursor-1 

0424 

F2 0417 


JP 

BSRTN 

» not 1st column 

0427 

04 


I NR 

B 


0428 

FB 


El 



0429 

3A 3FEF 


LDA 

GECNTL 


042C 

B7 


ORA 

A 

i graphics mode? 

0420 

CO 


RNZ 


; defeat wrap arround 

042E 

CD 0451 


CALL 

UCURl 

i up cursor one row 

0431 

C8 


RZ 


i crow=sfrow? 

0432 

06 4F 


MVI 

B, 79 

j set cursor to last col 

0434 

03 01 

BELL: 

OUT 

BELPRT 


0436 

C9 


RET 





j ■CFUNCTION> forward cursor 

0437 

CD 06C1 

FS: 

CALL 

CHKGM 

j check graphics mode 

043A 

3E 4F 


MVI 

A, 79 


043C 

B8 


CMP 

B 

} last column? 

0430 

C2 0387 


JNZ 

MIDCHR 

inot last column 

0440 

3A 3FEF 


LDA 

GECNTL 


0443 

B7 


ORA 

A 

; graphics mode? 

0444 

CO 


RNZ 


} defeat wrap arround 

0445 

CD 0463 


CALL 

DCURl 

; down cursor one row 

0448 

C8 


RZ 


i crow*lrow? 

0449 

06 00 


MVI 

B, 0 

i set cursor to 1st col 

044B 

03 01 


OUT 

BELPRT 


0440 

C9 


RET 





; •CFUNCTION> op 

cursor one row 

044E 

CD 06C1 

UPCUR: 

CALL 

CHKGM 

i check graphics mode 

0451 

11 3FFA 

UCURl: 

LXI 

D . CROU 


0454 

2A 3FFE 


LHLD 

FROW 


0457 

lA 


LDAX 

0 

i crow 

0458 

24 


I NR 

H 

ihl=row wrap arround tbl 

0459 

BO 


CMP 

L 

} crow=frow? 

045A 

C2 04A7 


JNZ 

$4 


0450 

03 01 


OUT 

BELPRT 

J crow=frow# ring bell 

045F 

C9 


RET 





} <FUNCTION> down cursor 

one row 

0460 

CD 06C1 

DWNCUR: 

CALL 

CHKGM 

; check graphics mode 

0463 

11 3FFA 

DCURl: 

LXI 

0, CROW 


0466 

2A 3FFC 


LHLD 

LROW 


0469 

lA 


LDAX 

0 

; crow 

046A 

24 


I NR 

H 

;hlsrow wrap arroud tbl 

046B 

BO 


CMP 

L 

i crow=lrow? 

046C 

C2 04A9 


JNZ 

$5 


046F 

03 01 


OUT 

BELPRT 

} crow=lrow/ ring bell 

0471 

C9 

PAGE 

RET 
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0472 








;<FUNCTION> roll up 


0472 

11 3FFA 

RQLUP: 

LXI 

0, CROW 


0475 

2A 3FFE 


LHLD 

FROW 


0478 

lA 


LDAX 

0 


0479 

24 


I NR 

H 

ihl«row wrap arround tbl 

047A 

BO 


CMP 

L 

i crow=frow? 

047B 

7E 


MOV 

A, M 

i next row 

047C 

F3 


01 



0470 

32 3FFE 


STA 

FROW 

i frow+1 

0480 

C2 0484 


JNZ 

RUNEQ 



5-94 



0483 

12 


STAX 

D 

i crow+1 

0484 

EB 

RUNEQ: 

XCHG 


i d=li h=3Fh 

0485 

2E FC 


MV I 

L. lotu LROW 

0487 

5E 


MOV 

E, M 

i de»row wrap arround tbl 

0488 

lA 


LDAX 

D 

i nex t row 

0489 

77 


MOV 

M, A 

i lrow+1 

048A 

FB 


El 



048B 

C9 


RET 





i {FUNCTION} 

roll doun 


048C 

11 3FFA 

ROLDWN: 

LXI 

Di CROW 


04aF 

3A 3FFC 


LDA 

LROW 


0492 

D6 04 


SUI 

4 

; up one row 

0494 

6F 


MOV 

L, A 


0495 

26 01 


MV I 

Hi 1 

#hl=row wrap arround tbl 

0497 

lA 


LDAX 

D 

i crow 

0498 

D6 04 


SUI 

4 


049A 

BD 


CMP 

L 

i crow=lrow? 

049B 

7E 


MOV 

A, M 

i up one row 

049C 

F3 


DI 



049D 

32 3FFC 


STA 

LROW 

i lrow-1 

04A0 

C2 04A4 


JNZ 

RDNEQ 


04A3 

12 


STAX 

D 

i crow-1 

04A4 

IE FE 

RDNEQ; 

MVI 

Ei low FROW 

04A6 

lA 


LDAX 

D 


04A7 

D6 04 

*4: 

SUI 

4 


04A9 

6F 

$5: 

MOV 

L, A 

#hl=row wrap arround tbl 

04AA 

7E 


MOV 

A, M 


04AB 

12 


STAX 

D 

i frow-1 

04AC 

FB 


El 



04AD 

C9 


RET 





i {FUNCTION} 

enable cursor# unlock keyboard 

04AE 

AF 

CURULK: 

XRA 

A 


04AF 

32 3FEE 


STA 

KBDLCK 

i unlock keyboard 

04B2 

2F 


CMA 


♦ enable cursor 

04B3 

C3 OOIB 


JMP 

DICUR 




i {FUNCTION} 

lock keyboard 

04B6 

32 3FEE 

KBLK: 

STA 

KBDLCK 

; lock keyboard 

04B9 

C9 

PAGE 

RET 
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04BA 








; {FUNCTION} 

delete rest 

of page 

04BA 

3A 3FFA 

DRTPG; 

LDA 

CROW 


04BD 

CD 04E9 


CALL 

CTLRW2 

i clear crow+1 to Irow 



i {FUNCTION} 

delete rest 

of line 

04C0 

CD 0171 

DRTLN: 

CALL 

DFCLOC 

i get cursor loc and diff 

04C3 

57 


MOV 

Di A 

i save 

04C4 

3A 3F20 


LDA 

FBG 


04C7 

77 

DRLLP: 

MOV 

Mi A 

• store space/attribute 

04C8 

23 


INX 

H 


04C9 

15 


DCR 

D 


04CA 

C2 04C7 


JNZ 

DRLLP 

i until end of 1 ine 

04CD 

C9 


RET 





; {FUNCTION} 

clear screen 

04CE 

CD 06BC 

CLRSCN: 

CALL 

DEGRPH 

i defeat graphics mode 

04D1 

2A 3FFE 


LHLD 

FROW 


04D4 

7D 


MOV 

Ai L 


04D5 

CD 04E6 


CALL 

CTLRWl 

i clear frow to Irow 



} {FUNCTION} 

home cursor 


04D8 

3A 3FFE 

HOMCUR; 

LDA 

FROW 


04DB 

32 3FFA 


STA 

CROW 

i crow=frow 

04DE 

06 00 

ZROCUR: 

MVI 

Bi 0 

i set cursor to 1st col 

04E0 

C9 


RET 





j CLEAR 

TO LAST ROW 


04E1 

16 01 

CLRWLP: 

MVI 

Di 1 


04E3 

5F 


MOV 

- Ei A 

; de=row wrap arround tbl 

04E4 

lA 


LDAX 

D 

i next row 

04E5 

6F 


MOV 

Li A 


04E6 

CD 03DE 

CTLRWl: 

CALL 

CLRRDW 

i clear whole row 

04E9 

2A 3FFC 

CTLRW2: 

LHLD 

LROW 


04EC 

BD 


CMP 

L 

# row=lrow? 

04ED 

C2 04E1 


JNZ 

CLRWLP 

t until last row 

04F0 

C9 


RET 







; {FUNCTION} 

foreground follows 

04F1 

11 

2020 

FGNDF; LXI 

Di 02020hi foreground spaces 

04F4 

C3 

04FA 

JMP 

LDFGD 


5-95 


AN-270 



AN-270 




i -CFUNCTIONy background follous 

04F7 

11 AOAO 

BGNDF; 

LXI 

D, OAOAOh; background spaces 

04FA 

21 0000 

LDFGD: 

LX I 

H, 0 


04FD 

39 


DAD 

SP 


04FE 

EB 


XCHG 



04FF 

31 3F50 


LXI 

SP, DMYROW+80 

0502 

C3 03EC 


JMP 

PUSHSP 

; store in dummy row 
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0505 








i ^FUNCTION> : 

Insert a line 

0505 

CD 0590 

INSLNE: 

CALL 

CRLR 

} calc croui/lrow diff 

0508 

21 3FFA 


LXI 

H, CROW 


050B 

73 


MOV 

M, E 

i set croui=lroui 

050C 

C2 054B 


JNZ 

MOVDWN 

i move row contents 

050F 

C3 058C 


JMP 

DRWZCU 

} else, del Irow/zero cur 



i <FUNCTION> 1 

strip off a 

1 ine 

0512 

CD 0590 

STOFLNE: CALL 

CRLR 

} get crow/lrow diff 

0515 

CA 058C 


JZ 

DRWZCU 

} del Irow/zero cursor 

0518 

E5 

SLNERG: 

PUSH 

H 

i else do move 

0519 

21 3FE7 


LXI 

H, CPYCTL 

051C 

36 00 


MV I 

M, 0 

} copy upward 

051E 

CD 0550 


CALL 

MOVROW 

} move row contents 

0521 

El 


POP 

H 

} get original crow 

0522 

22 3FFA 


SHLD 

CROW 

} bac k to crow 

0525 

C9 


RET 





i -CFUNCTIONT 

insert/str ip 

off line with range 

0526 

2A 3FFA 

ISLRG: 

LHLD 

CROW 


0529 

3A 3FA3 


LDA 

LINP 

i read 2nd parameter 

052C 

3D 


DCR 

A 


052D 

E6 3F 


AN I 

03Fh 

}40/7Fh offset to 0/3Fh 

052F 

FE 38 


CPI 

038h 

' 

0531 

DO 


RNC 


i error 

0532 

FE 17 


CPI 

017h 


0534 

DA 053C 


JC 

ISNPA 


0537 

FE 20 


CPI 

020h 


0539 

D8 


RC 


} error 

053 A 

D6 09 


SUI 

9 


053C 

3C 

ISNPA; 

I NR 

A 


053D 

57 


MOV 

D, A 


053E 

3A 3FA4 


LDA 

LINP+1 

} read 1st parameter 

0541 

FE 53 


CPI 

••S” 

; strip off? 

0543 

7A 


MOV 

A, D 


0544 

CA 0518 


JZ 

SLNERG 

; do strip off line 

0547 

CD 05C1 

ILNERG: 

CALL 

IRWOS 

} offset row by para 

054A 

7A 


MOV 

A, D 

} return para 

054B 

21 3FE7 

MOVDWN: 

LXI 

H, CPYCTL 

054E 

36 04 


MV I 

M, 4 

} copy downward 



iMOVE ROW CONTENTS, UP /DOWN CNTL BY CPYCTL 

0550 

F5 

MOVROW; 

PUSH 

PSW 

} save row count 

0551 

2A 3FFA 


LHLD 

CROW 


0554 

5E 


MOV 

E, M 


0555 

23 


INX 

H 


0556 

56 


MOV 

D, M 


0557 

IB 


DCX 

D 

} crow end 

0558 

D5 


PUSH 

D 

} save 

0559 

21 3FE7 


LXI 

H> CPYCTL} direct ion control 

055C 

11 3FFA 


LXI 

D, CROW 


055F 

lA 


LDAX 

D 

} read crow 

0560 

96 


SUB 

M 

i direction cntl 
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0561 






0561 

6F 


MOV 

L, A 


0562 

26 01 


MVI 

H. 1 

}hl<«row wrap arround tbl 

0564 

7E 


MOV 

A, M 

} lookup +/- one row 

0565 

12 


STAX 

D 

} update crow 

0566 

6F 


MOV 

L. A 


0567 

25 


DCR 

H 

}hl»row start table 

0568 

5E 


MOV 

E, M 


0569 

23 


INX 

H 


056A 

56 


MOV 

D, M 


056B 

IB 


DCX 

D 

; +/- row end 

056C 

El 


POP 

H 

} rtn current row last loc 

056D 

06 10 


MVI 

B, 80/5 

} copy 80 characters 

056F 

lA 

CPLP: 

LDAX 

D 

} read 

0570 

77 


MOV 

M. A 

} copy 

0571 

2B 


DCX 

H 

}next byte 

0572 

IB 


DCX 

D 

inext byte 

0573 

lA 


LDAX 

D 

} do 5 times for speed 

0574 

77 


MOV 

M, A 



5-96 



0575 

2B 


DCX 

H 


0576 

IB 


DCX 

D 


0577 

lA 


LDAX 

D 

i 3 

0578 

77 


MOV 

M, A 


0579 

2B 


DCX 

H 


057 A 

IB 


DCX 

0 


057B 

lA 


LDAX 

D 

i 4 

057C 

77 


MOV 

M, A 


057D 

2B 


DCX 

H 


057E 

IB 


DCX 

D 


057F 

lA 


LDAX 

D 

i 5 

0580 

77 


MOV 

M, A 


0581 

2B 


DCX 

H 


0582 

IB 


DCX 

D 


0583 

05 


DCR 

B 


0584 

C2 056F 


JNZ 

CPLP 

) finish 80 bytes? 

0587 

FI 


POP 

PSW 

i row count 

0588 

3D 


DCR 

A 


0589 

C2 0550 


JNZ 

MOVROW 

»next row 

058C 

47 

DRWZCU: 

MOV 

B, A 

i zero cursor 

058D 

C3 03DB 


JMP 

DCROW 

/and delete cursor row 



i CALCULATE ROW 

DIFFERENCE 

0590 

2A 3FFA 

CRLR: 

LHLD 

CROW 

( calc crow to Irow 

0593 

3A 3FFC 


LDA 

LROW 


0596 

5F 

FRCR: 

MOV 

E, A 


0597 

95 


SUB 

L 

/get the difference 

0598 

D2 OSAO 


JNC 

$2 

iwithin range 

059B 

3E 60 

$D2; 

MV I 

A, RWRO 

/ over range 

059D 

83 


ADD 

E 


059E 

95 


SUB 

L 


059F 

B7 


ORA 

A 

/dear carry 

05 AO 

IF 

♦2: 

RAR 


i row d if f /2 

05A1 

C9 
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05A2 








i ■CFUNCTION> address cursor 

05A2 

2A 3FA3 

ADDCUR : 

LHLD 

LINP 

/read leadin parameter 

05A5 

7C 


MOV 

A, H 


05A6 

11 5010 

CALCX: 

LXI 

D> OSOlOhi calc x coordinate 

05A9 

BA 


CMP 

D 


05AA 

DA 05B3 


JC 

CX4FD 

;00/4Fh=loc 0/79 

05 AD 

92 


SUB 

D 

} 50/7Fh offset to 0/2F 

05AE 

BB 


CMP 

E 


05AF 

DA 05B3 


JC 

CX4FD 

/ 50/5Fh offset to 0/15 

05B2 

93 


SUB 

E 

i60/7Fh offset to 0/31 

05B3 

47 

CX4FD: 

MOV 

B. A 

/ then set cursor 

05B4 

3E IF 

CALCY: 

MV I 

A, OlFh 


05D6 

A5 


ANA 

L 

; 0/lF, 20/3F/ 40/ 5F, 60/7Fh 

05B7 

FE 18 


CPI 

018h 

i offset to 00/lFh 

05B9 

DA 05BE 


JC 

CY17D 

/00/17h=row 0/23 

05BC 

D6 18 


SUI 

018h 

/ 18/lFh=row 0/7 

05BE 

2A 3FFE 

CY17D: 

LHLD 

FROW 

/Offset first row 

05C1 

07 

IRWOS; 

RLC 


/ diff*2/ msb=0 

05C2 

85 


ADD 

L 

/ frow+offset 

05C3 

DA 05CB 


JC 

ROSFFU 

I >FFh 

05C6 

FE El 


CPI 

lout RR48'4-1 

05C8 

DA 05CD 


JC 

ROSEOD 

i less than EOh/ ok 

05CB 

D6 60 

ROSFFU: 

SUI 

RWR6 

i row range 

05CD 

32 3FFA 

ROSEOD: 

STA 

CROW 

/ then update crow 

05D0 

C9 


RET 






/ •CFUNCTION> read cursor 



05D1 

CD 05E0 

RDCUR; 

CALL 

RDX 

i read cursor x 

coord 

05D4 

CD 006D 


CALL 

WTACEA 

/-write to ace 


05D7 

CD 05E7 


CALL 

RDY 

{read cursor y 

coord 

05DA 

CD 006D 


CALL 

WTACEA 

{ write to ace 


05DD 

C3 074A 


JMP 

CRACE 

/ cr for termination 

05E0 

78 

RDX: 

MOV 

A/ B 



05E1 

FE 20 


CPI 

020h 

/if O/lFh add 

offset 

05E3 

DO 


RNC 


/• 20/4Fh=corsor 

loc 32/79 

05E4 

C6 60 


ADI 

060h 

/ 60/7Fh=corsor 

loc 0/31 

05E6 

C9 


RET 






5-97 


AN-270 




AN-270 


05E7 

2A 3FFE 

ROY; 

LHLD 

05EA 

3A 3FFA 


LDA 

05ED 

CO 0596 


CALL 

05F0 

C6 60 


ADI 

0SF2 

C9 

PAGE 
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05F3 






} <FUNCTION> T 

05F3 

16 30 

NPAGE; 

MVI 

05F5 

21 3FFA 


LX I 

05F8 

F3 


01 

05F9 

7E 

NPLP: 

MOV 

05FA 

FE B1 


CPI 

05FC 

OA 0601 


JC 

05FF 

92 


SUB 

0600 

92 


SUB 

0601 

82 

NPLT: 

ADD 

0602 

77 


MOV 

0603 

2C 


I NR 

0604 

2C 


XNR 

0605 

FA 05F9 


JM 

0608 

FB 


El 

0609 

C9 


RET 



i-CFUNCTION> ^ 

060A . 

2A 3FFA 

TAB: 

LHLD 

0600 

E5 


PUSH 

060E 

CO 0667 


CALL 

0611 

13 

TOAOSP; 

INX 

0612 

20 


OCR 

0613 

CC 067A 


CZ 

0616 

lA 


LDAX 

0617 

84 


ADD 

0618 

FA 0635 


JM 

061B 

FE 20 


CPI 

0610 

C2 0611 


JNZ 

0620 

13 

TSANSP: 

INX 

0621 

20 


OCR 

0622 

CC 067A 


CZ 

0625 

lA 


LOAX 

0626 

84 


ADD 

0627 

FA 0635 


JM 

062A 

FE 20 


CPI 

062C 

CA 0620 


JZ 

062F 

01 

TMCUR: 

POP 

0630 

3E 50 


MVI 

0632 

95 


SUB 

0633 

47 X 


MOV 

0634 

C9 


RET 

0635 

13 

TSATT: 

INX 

0636 

20 


DCR 

0637 

CC 067A 


CZ 

063A 

lA 


LDAX 

063B 

84 


ADD 

063C 

FA 0635 


JM 

063F 

C3 062F 


JMP 


PAGE 
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0642 






i <FUNCTION> ( 

0642 

2A 3FFA 

CFB: 

LHLD 

0645 

24 


I NR 

0646 

E5 


PUSH 

0647 

CD 0667 


CALL 

064A 

lA 

CFBLP: 

LDAX 

064B 

84 


ADD 

064C 

FA 0653 


JM 

064F 

3E 20 


MVI 

0651 

B4 


ORA 

0652 

12 


STAX 

0653 

13 

CFBDIF: 

. INX 

0654 

20 


DCR 

0655 

C2 064A 


JNZ 

0658 

El 


POP 

0659 

3A 3FFC 


LDA 

065C 

BO 


CMP 

0650 

C8 


RZ 

065E 

6E 


MOV 

065F 

E5 


PUSH 

0660 

CD 0681 


CALL 

0663 

C3 064A 


JMP 

0666 

C9 


RET 


FROM 

CROM 

FRCR i calc froiu/crouj diff 

060h } 60/77h=row 0/23 


PAGE 23 


xt page 

D> 030h i page offset 

H, CROW 

A, M 
OBih 

NPLT ia< B1.82-B0h 

D ; a>*Bl,B2-E0h 

D 
D 

M, A 

L f do crow/lrow/frow 

L 

NPLP ; if pass frow, end 


CROW 


H 

i save crow 

SCATT 


0 

inext character 

L 

f end of row? 

DRCFL 

i down one row< get 1st loc 

D 

i read character 

H 

i check attribute 

TSATT 

idiff/ find same attrib 

SPC 

i space? 

TDAOSP 

; loop unti 1 space 

0 

inext character 

L 

i end of row? 

DRCFL 

/down one row/ get 1st loc 

0 

; read character 

H 

i check attribute 

TSATT 

idiff/ find same attrib 

SPC 

i non space? 

TSANSP 

i loop until non space 

D 

i remove saved crow 

Ai 80 


L 

i calc cursor location 

B. A 

/move cursor 

0 

inext character 

L 

i end of row? 

DRCFL 

i down one row> get 1st loc 

D 

i read character 

H 

i check attribute 

TSATT 

i loop until same attrib 

TMCUR 

i move cursor 

PAGE 

24 


ear fore/background to space 
CROW 

H 

H 

i save 

SCATT 


0 

i read character 

H 

i test attribute 

CFBDIF 

idiff attrib 

A, SPC 

i if same attrib/ 

H 

0 

i put a space 

D 

/next character 

L 

i character counter-1 

CFBLP 

i until finish 80 char 

H 

LROW 

i saved crow 

L 

i row=lrow? 
i no more 

L,M 

i else next row 

H 

S3 

CFBLP 

i save 


5-98 






;SET UP 

CHAR 

COUNTER AND 

ATTRIB 

0667 

CD 0174 

SCATT: 

CALL 

CURLOC i 

get cursor location 

066A 

EB 


XCHG 


put in de 

066B 

21 8050 


LXI 

H, OBOSOhj 

mask/char count 

066E 

3A 3F20 


LDA 

FBG 


0671 

A4 


ANA 

H 


0672 

67 


MOV 

H, A 


0673 

22 3FA5 


SHLD 

LINP+2 1 

save countiattrib 

0676 

7D 


MOV 

A, L 


0677 

90 


SUB 

B ; 

get cur to end diff 

0670 

6F 


MOV 

L, A i 

put in 1 

0679 

C9 


RET 




iDOWN ONE ROW AND GET ADDR ON 1ST COLUMN 


067A 

CD 0463 

DRCFL: 

CALL 

DCURl 

i down cursor one row 

067D 

CA 0033 


JZ 

TABSTP 

i crow=lrowi no tab 

0680 

6E 


MOV 

L, M 

inext row 

0681 

25 

♦3; 

DCR 

H 


0682 

2B 

♦ 1: 

DCX 

H 


0683 

56 


MOV 

D, M 

/addr high 

0684 

2B 


DCX 

H 


0685 

5E 


MOV 

E/M 

;addr low 

0686 

2A 3FA5 


LHLD 

LINP+2 

> count and attrib 

0689 

C9 

PAGE 
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068A 








j ■CFUNCTION> 

graphics 


068A 

3A 3FA3 

GRAPH: 

LDA 

LINP 

; read leadin parameter 

068D 

21 107E 

LGPARA: 

LXI 

H, 0107Eh 


0690 

3D 


DCR 

A 


0691 

E6 3F 


AN I 

03Fh 


0693 

BC 


CMP 

H 

i h=010h 

0694 

DA 06AD 


JC 

^G1 

; ’’A" to "P" 

0697 

FE 3E 


CPI 

03Eh 

i delete 

0699 

CA 06B2 


JZ 

$G3 


069C 

94 


SUB 

H 

i h=010h 

069D 

FE OF 


CPI 

OFh 

i space? 

069F 

CA 06B2 


JZ 

$G3 

; space 

06A2 

BC 


CMP 

H 

; h=010h 

06A3 

DA 06AC 


JC 

$G2 

f> "Q" 

06A6 

FE 20 


CPI 

020h 


06A8 

DA 06AD 


JC 

$G1 

i "a” to "p" 

06AD 

2C 


I NR 

L 

i set 1 to 7Fb 

06AC 

7D 

$G2: 

MOV 

A, L 

iL=7Eh or 7Fh 

06AD 

CD 06D0 

$G1: 

CALL 

STSCN 

i put symbol to screen 

06B0 

C6 IE 


ADI 

OlEh 


06B2 

D6 IE 

♦G3: 

SUl 

OlEh 


06B4 

32 3FF3 


STA 

GSYMBL 

i for non/destructive move 

06B7 

3E 80 

ENGRPH: 

MV I 

A, oaoh 


06B9 

C3 06BD 


JMP 

DEGRPH+1 




i ■CFUNCTION> 

defeat graphics 

06BC 

AF 

DEGRPH: 

XRA 

A 


06DD 

32 3FEF 


STA 

GECNTL 


06C0 

C9 


RET 






; CHECK 

GRAPHICS MODE AND PUT SYMBOL TO SCREEN 

06C1 

3A 3FEF 

CHKGM: 

LDA 

GECNTL 


06C4 

D7 


ORA 

A 

i graphics mode? 

06C5 

C8 


RZ 


inOi rtn to func 

06C6 

3A 3FF3 


LDA 

GSYMBL 


06C9 

B7 


ORA 

A 

i non destructive move? 

06CA 

F8 


RM 


i yes 

06CB 

21 3F20 

STSP: 

LXI 

H, FBG 


06CE 

AE 


XRA 

M 

i get attribute 

06CF 

AD 


XRA 

L 

/remove space code 

06D0 

CD 0174 

STSCN: 

CALL 

CURLOC 


06D3 

77 


MOV 

M, A 

i write to screen 

06D4 

C9 

PAGE 
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06D5 








iPUT GRAPHIC 

MENU TO SCREEN (LOCAL) 

06D5 ' 

CD 070C 

PGM; 

CALL 

RUADD 


06D8 

CD 06F3 


CALL 

P38SYM 

/ print asc i i A/Q 

06DB 

CD 06F3 


CALL 

P38SYM 

i print asc i i a/q 



5-99 


AN-270 



AN-270 


06DE 

CD 070C 


CALL 

RUADD 


06E1 

CD 0700 


CALL 

P32SYM 

{print ascii Oh/Fh 

06E4 

F6 7E 


OR I 

07Eh 

i print asc i i 7Eh 

06E6 

CD 06F7 


CALL 

P6SYM 

;4 spaces 

06E9 

EE 30 


XRI 

030h 

{print ascii 10/lFh 

06EB 

CD 0700 


CALL 

P32SYM 


06EE 

F6 7F 


OR I 

07Fh 

{ print asc i i 7Fh 

06F0 

C3 06F7 


JMP 

P6SYM 

{ 4 spaces 

06F3 

F6 41 

P38SYM; 

OR I 

041 h 

{ change symbol 

06F5 

16 10 


MVI 

D> 16 

{ counter 

06F7 

14 

P6SYM: 

INR 

D 


06F8 

CD 0702 


CALL 

PGMLP 


06FB 

16 04 

P4SP: 

MVI 

D; 4 


06FD 

C3 04C4 


JMP 

DRLLP-3 

{ put 4 spaces 

0700 

16 10 

P32SYM: 

MVI 

D> 16 

{ print 32 symbols 

0702 

77 

PGMLP: 

MOV 

M/ A 


0703 

23 


INX 

H 


0704 

73 


MOV 

M,E 

i FBG 

0705 

23 


INX 

H 


0706 

3C 


INR 

A 

{next symbol 

0707 

15 


DCR 

D 


0708 

C2 0702 


JNZ 

PGMLP 


070B 

C9 


RET 




070C 

CD 0472 

RUADD: 

CALL 

ROLUP 

{ up one roui 

070F 

26 00 


MVI 

H, 0 


0711 

6F 


MOV 

L, A 

{ h Isslrow 

0712 

CD 0682 


CALL 

$1 

{ Irow Ist loc 

0715 

EB 


XCHG 


) 

0716 

CD 06FB 


CALL 

P4SP 

{ put 4 spaces 

0719 

5F 


MOV 

E, A 

{ FBG 

071A 

E6 80 


AN I 

080h 

{ get attribute 

071C 

C9 
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RET 
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071D 








i •CFUNCTION> transmit a 

1 ine 

071D 

06 00 

SNDLNE: 

MVI 

B/ 0 

{ se^ cursor to 1st loc 

071F 

CD 0174 


CALL 

CURLOC 

{ get roiij start 

0722 

E5 


PUSH 

H 

j save row start 

0723 

11 004F 


LXI 

D, 79 

{ find row end 

0726 

19 


DAD / 

' D 

{hl*row end* clear carry 

0727 

16 40 


MVI 

Di 040h 

{rotated space 

0729 

7E 

LENDLP: 

MOV 

A. M 

{read char 

072A 

17 


RAL 


{mask out msb 

072B 

AA 


XRA 

D 

{space? * clear carry 

072C 

C2 0734 


JNZ 

LNSP 

{Until find a non-space 

072F 

2B 


DCX 

H 


0730 

ID 


DCR 

E 


0731 

C2 0729 


JNZ 

LENDLP 

{repeat loop 

0734 

El 

LNSP: 

POP 

H 

;hl«=row start again 

0735 

56 

SNDLP; 

MOV 

D,M 

{read character 

0736 

3E 60 


MVI 

A» 060h 

{screen all cntl codes 

0738 

A2 


ANA 

D 


0739 

C2 073E 


JNZ 

SNCNTL 

{not control code 

073C 

16 2A 


MVI 

D# 

} cntl code* send instead 

073E 

CD 006E 

SNCNTL: 

CALL 

WTACED 

{write to ace 

0741 

7E 


MOV 

A, M 

{read char again 

0742 

EE 80 


XRI 

080h 

{ invert attribute 

0744 

77 


MOV 

M» A 

{ store back 

0745 

23 


INX 

H 

{next character 

0746 

ID 


DCR 

E 


0747 

F2 0735 


JP 

SNDLP 

{ until end of line 

074A 

CD 006B 

CRACE: 

CALL 

SNDCR 

{ send cr for termination 

074D 

3A 3FF1 


LDA 

LOCLM 


0750 

B7 


ORA 

A 

* local? 

0751 

C8 


RZ 


{remote* no time delay 

0752 

CD 075E 

$D3: 

CALL 

$DLY 

{ do delay 

0755 

15 


DCR 

D 

{ d was ODh 

0756 

C2 0752 


JNZ 

$D3 


0759 

D3 01 


OUT 

BELPRT 

{delay done* ring bell 

075B 

C3 0463 


JMP 

DCURl 

{move cursor to next row 

075E 

E5 

♦DLY: 

PUSH 

H 


075F 

D5 


PUSH 

D 



5-100 


0760 

CD 07F0 


CALL 

LUBD 

i lookup baud constant 

0763 

3E IF 


MVI 

A. OlFh 

> chg delag at high bauds 

0765 

B3 


ORA 

E 


0766 

5F - 


MOV 

E. A 


0767 

CD 059B 

♦Dl: 

CALL 

$D2 


076A 

IB 


DCX 

D 


076D 

15 


DCR 

D 


076C 

14 


INR 

D 


076D 

F2 0767 


JP 

$D1 


0770 

D1 


POP 

D 


0771 

El 


POP 

H 


0772 

C9 

PAGE 

RET 
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0773 








.DISPLAY CURSOR 

LOCATION (LOCAL) 

0773 

CD 05E7 

LRDCUR: 

CALL 

RDY 

; g coordinate 

0776 

2A 3FFC 


LHLD 

LROU 

; get print out loc 

0779 

5E 


MOV 

E. M 


077A 

23 


INX 

H 


077B 

56 


MOV 

D. M 


077C 

IB 


DCX 

D 

} Irou last location 

077D 

12 


STAX 

D 

» put to screen 

077E 

CD 05E0 


CALL 

RDX 

. X coordinate 

0781 

IB 


DCX 

D 


0782 

12 


STAX 

D 

» put to screen 

0783 

C9 


RET 





i SCALE 

< LOCAL) 



0784 

21 3FFE 

SCALE: 

LXI 

H, PROW 


0787 

3A 3FFA 


LDA 

CROU 


078A 

BE 


CMP 

M 

i frou=crow 

078B 

CC 048C 


CZ 

ROLDWN 

i if equ. roll down 

078E 

2A 3FFA 


LHLD 

CROW 

; get print out loc 

0791 

2B 


DCX 

H 


0792 

2B 


DCX 

H 


0793 

CD 0682 


CALL 



0796 

EB 


XCHG 


; hl=loc 

0797 

IE 31 


MVI 

E. "I" 


0799 

16 B1 

SCLLPl; 

MVI 

D. "i"+oeoh 

079B 

3E BA 


MVI 

A. "9“+081h 

079D 

72 

SCLLP2: 

MOV 

M. D 


079E 

14 


INR 

D 

i"l» to "9" 

079F 

23 


INX 

H 

jnext location 

07A0 

BA 


CMP 

D 

; exceed ing "9"? 

07A1 

C2 079D 


JNZ 

SCLLP2 


07A4 

3E 39 


MVI 

A, "9" 


07A6 

73 


MOV 

M. E 


07A7 

1C 


INR 

E 

i«l» to "8" 

07A8 

23 


INX 

H 

;next location 

07A9 

BB 


CMP 

E 

{exceeding "8"? 

07AA 

C2 0799 


JNZ 

SCLLPl 


07AD 

C9 


RET 





.VERTICAL INTERRUPT CONTINUE 

07AE 

2B 

VTSUB: 

DCX 

H 

; VCALEN 

07AF 

74 


MOV 

M. H 

; hOO. enable VCAL routine 

07B0 

2A 3FF8 


LHLD 

CUR 

} get cursor 

07B3 

36 03 


MVI 

M. 3 

.write to DPB350 

07B5 

2A 3FF6 


LHLD 

TOP 

{ top of page 

07B8 

36 02 


MVI 

M. 2 

{Write to DP8350 

07BA 

D3 40 


OUT 

VERPRT 

{ clr vert intr flip/flop 

07BC 

El 


POP 

H 

07BD 

FB 


El 



07BE 

C9 

PAGE 

RET 
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07BF 








}-CFUNCTION> ace, 

r auto 

line feed, upper/lower case 

07BF 

DB 40 

ACESW: 

IN 

SETSW 

{read switch settings 

07C1 

E6 10 


ANI 

OlOh 


07C3 

32 3FF2 


STA 

AULF 

{ set auto If flag 

07C6 

DB 40 


IN 

SETSW 

{read switch again 

07C8 

E6 20 


ANI 

020h 


07CA 

C3 07D2 


JMP 

STUL 

{ set u/1 case flag 


5-101 


AN-270 



AN-270 




i INIT 

ACE, TOGGLE ULCASE 

(LOCAL) 

07CD 

3A 3FF0 

ATOUL: 

LDA 

ULCASE 


07D0 

EE 20 


XRI 

020h 

/ toggle u/1 case 

07D2 

32 3FF0 

STUL; 

STA 

ULCASE 


07D5 

CD 07F0 


CALL 

LUBD 

; lookup baud constant 

07D8 

21 9003 


LXI 

H, ACECTL 

07DB 

74 


MOV 

M. H 

; set DLAB 

07DC 

2E 01 


MVI 

L, 1 


07DE 

72 


MOV 

M, D 

; set baud high 

07DF 

2B 


DCX 

H 


07E0 

73 


MOV 

M, E 

; set baud low 

07E1 

2E 03 


MVI 

L. 3 


07E3 

36 02 


MVI 

M, 2 

i 7 bit, 1 stop bit 

07E5 

3A 3FF1 


LDA 

LDCLM 

} local? 

07E8 

3C 

EDACE: 

INR 

A 


07E9 

21 9000 


LXI 

H, ACEDTA 

07EC 

5E 


MOV 

E, M 

i remove ace input 

07ED 

23 


INX 

H 

; ACEITR mask 

07EE 

77 


MOV 

M, A 

;en/disable ace intr 

07EF 

C9 


RET 



07F0 

DB 40 

LUBD: 

IN 

SETSW 

i lookup baud constant 

07F2 

E6 OE 


ANI 

OEh 


07F4 

C6 FO 

BADDR: 

ADI. 

low BllO 

iadd base addr 

07F6 

6F 


MOV 

L, A 


07F7 

26 01 


MVI 

H, 1 


07F9 

5E 


MOV 

E,M 

; get baud low 

07FA 

23 


INX 

H 


07FB 

56 


MOV 

D, M 

; get baud high 

07FC 

C9 


RET 






END 

START 



STARPLEX MACRO-ASSEMBLER V2. O PAGE 30 

CRT801 
Macros : 


Symbols: 


$1 

0682 

$2 

05A0 

*3 

0681 

$4 

04A7 

$5 

04A9 

$D1 

0767 

$D2 

059B 

»D3 

0752 

♦DLY 

075E 

«G1 

06AD 

$G2 

06AC 

$G3 

06B2 

ACE 

0038 

ACECTL 

9003 

ACEDTA 

9000 

ACEDUP 

0018 

ACEITR 

9001 

■ ACESTU 

9005 

ACESU 

07BF 

ADDCUR 

05A2 

ATGUL 

07CD 

AULF 

3FF2 

BllO 

OlFO 

B1200 

OlFA 

B 19200 

OlFC 

B2400 

01F6 

B38400 

OlFE 

B4800 

01F8 

B600 

01F2 

B9600 

OlFA 

BADDR 

07F4 

BELL 

0434 

BELPRT 

0001 

BONDF 

04F7 

BS 

041F 

BSl 

0422 

BSRTN 

0417 

CID 

023A 

C7E 

0240 

CALCX 

05A6 

CALCY 

05B4 

CALJMP 

015C 

CARRTN 

03B9 

CB 

0204 

CE 

020A 

CFB 

0642 

CFBDIF 

0653 

CFBLP 

064A 

CO 

020E 

CHAR 

0372 

CHKGM 

06C1 

CJMP 

0158 

CLRR014 

03DE 

CLRSCN 

04CE 

CLRWLP 

04E1 

CMRTN 

02 5C 

CPLP 

056F 

CPYCTL 

3FE7 

CQ 

0222 

CR 

OOOD 

CRACE 

074A 

CRLR 

0590 

CROW 

3FFA 

CROWH 

3FFB 

CTLRWl 

04E6 

CTLRW2 

04E9 

CU 

022A 

CUR 

3FFB 

CUREN 

3FEC 

CURH 

3FF9 

CURLdC 

0174 

CURTMR 

3FEB 

CURULK 

04AE 

CX4FD 

05B3 

CY17D 

05BE 

DCROW 

03DB 

DCURl ^ 

0463 

DEGRPH 

06DC 

DEL 

0419 

DFCLOC 

0171 

DICMD 

03CE 

DICUR 

OOIB 

DMYROW 

3F00 

DRCFL 

067A 

DRLLP 

04C7 

DRTLN 

04C0 

DRTPG 

04BA 

DRWZCU 

058C 

DWNCUR 

0460 

EDACE 

07E8 

ENGRPH 

06B7 

FI 

0A5F 

FIO 

84D8 

Fll 

85F3 

F12 

8472 

F13 

848C 

F14 

84AE 

F15 

8DD1 

F16 

ADA2 

F17 

84F1 

F18 

84F7 

F19 

836B 

F2 

03B9 

F20 

8358 

F21 

8505 

F22 

8512 

F23 

AD26 

F24 

9E8A 

F25 

0419 

F26 

83DB 

F27 

84C0 

F28 

84BA 

F29 

8642 

F3 

03B1 

F30 

84CE 

F31 

8CB6 

F32 

801D 

F33 

871D 

F34 

B7BF 

F35 

0AC5 

F36 

86BC 

F4 

0C34 

F5 

060A 

F6 

0437 

F7 

041F 

F8 

844E 

F9 

8460 

FBG 

3F20 

FCHR2 

3780 

FFCHK 

0267 

FFEND 

3F9F 

FFRD 

3FE5 

FFSTRT 

3F50 

FFWCT 

3FEA 

FFWRT 

3FE6 

FGNDF 

04F1 

FIFACE 

004E 

FRCR 

0596 

FROW 

3FFE 

FROWH 

3FFF 

FS 

0437 

FUNC 

0168 

GECNTL 

3FEF 

GRAPH 

068A 

OSYMBL 

3FF3 

HOMCUR 

04DB 

ICMD 

3FE8 

ILCHAR 

03AB 

ILELIN 

02C2 

ILNERG 

0547 

INIT 

00E2 

INSCHA 

036B 

INSCHR 

038D 

INSLNE 

0505 

INSLP 

039B 

IRWOS 

05C1 

ISLRG 

0526 

ISNPA 

053C 

JMPADD 

016A 

KBD 

0020 

KBDACE 

01E4 

KBDINT 

02C9 

KBDLCK 

3FEE 

KBDPRT 

0080 

KBLK 

04B6 

KLCRTN 

0260 

KNACTV 

0327 

KULCDE 

0003 

LCL 

02F2 

LCLFUN 

005F 

LCLIND 

0002 

LDFGD 

04FA 

LEAD IN 

3FE9 

LENDLP 

0729 

LF 

OOOA 

LFD 

03C1 

LFEED 

03B1 

LFSCR 

03D2 

LGPARA 

068D 

LIN 

8000 

LINC 

007E 

LINEXE 

02BE 

LINF 

3FA0 

LINFH 

3FA1 

LINMDE 

0283 

LINP 

3FA3 

LINPFN 

02A4 

LINPRA 

02B3 


5-102 



LINSET 

02C5 

LINWCT 

3FA2 

LNSP 

0734 

LOCLM 

3FF1 

LRDCUR 

0773 

LROW 

3FFC 

LROWH 

3FFD 

LSTCHR 

03C0 

LUBD 

07F0 

MIDCHR 

0387 

MQVDWN 

054B 

MOVROW 

0550 

NLC 

0800 

NLCSE 

02EC 

NOWRAP 

0066 

NPAGE 

05F3 

NPLP 

05F9 

NPLT 

0601 

NRW 

3FF5 

ONLINE 

0345 
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OUTAGE 

0079 

OVRNG 

032C 

P32SYM 

0700 

P3BSYM 

06F3 

P4SP 

06FB 

P6SYM 

06F7 

PATTN 

0112 

PGM 

06D5 

PGMLP 

0702 

PSPC 

03A4 

PTNLP 

0117 

PUSHSP 

03EC 

RDCUR 

05D1 

RDFIFQ 

026E 

RDNEQ 

04A4 

RDX 

05E0 

RDY 

05E7 

RFFRNG 

027A 

ROLDWN 

048C 

ROLUP 

0472 

R0M2 

034F 

RGSEOD 

05CD 

ROSFFU 

05CB 

ROW 

0008 

ROWl 

0082 

ROWIO 

0094 

ROWll 

0096 

R0W12 

0098 

R0W13 

009A 

R0W14 

009C 

ROWl 5 

009E 

RDW16 

OOAO 

R0W17 

00A2 

R0W18 

00A4 

R0W19 

00A6 

R0W2 

0084 

R0N20 

00A8 

RDM21 

OOAA 

R0W22 

OOAC 

R0W23 

OOAE 

R0W24 

OOBO 

R0N25 

00B2 

R0W26 

00B4 

R0W27 

00B6 

R0U28 

00B8 

R0W29 

OOBA 

R0W3 

0086 

RGW30 

OOBC 

R0W31 

OOBE 

R0N32 

OOCO 

R0W33 

00C2 

R0W34 

00C4 

R0W35 

00C6 

R0N36 

00C8 

R0W37 

OOCA 

R0W38 

OOCC 

R0W39 

OOCE 

R0W4 

0088 

R0W40 

OODO 

R0W41 

00D2 

R0U42 

00D4 

R0N43 

00D6 

R0W44 

OODB 

RDW45 

OODA 

R0W46 

OODC 

R0W47 

OODE 

R0W47D 

007E 

R0W48 

OOEO 

R0U48D 

0080 

ROWS 

008A 

R0W6 

008C 

R0W7 

008E 

R0U8 

0090 

R0W9 

0092 

ROWDP 

0028 

ROWPRT 

0040 

RRl 

0182 

RRIO 

0194 

RRll 

0196 

RR12 

0198 

RR13 

019A 

RR14 

019C 

RR15 

019E 

RR16 

OlAO 

RR17 

01A2 

RR18 

01A4 

RR19 

01A6 

RRID 

01E2 

RR2 

0184 

RR20 

01A8 

RR21 

OlAA 

RR22 

OlAC 

RR23 

OlAE 

RR24 

OIBO 

RR25 

01B2 

RR26 

01B4 

RR27 . 

01B6 

RR28 

01B8 

RR29 

OIBA 

RR3 

0186 

RR30 

OIBC 

RR31 

OIBE 

RR32 

OICO 

RR33 

01C2 

RR34 

01C4 

RR35 

01C6 

RR36 

01C8 

RR37 

OICA 

RR38 

OICC 

RR39 

OICE 

RR4 

0188 

RR40 

OIDO 

RR41 

01D2 

RR42 

01D4 

RR43 

01D6 

RR44 

01D8 

RR45 

OIDA 

RR46 

OlDC 

RR47 

OIDE 

RR47D 

017E 

RR48 

OlEO 

RR48D 

0180 

RR5 

018A 

RR6 

018C 

RR7 

018E 

RR8 

0190 

RR9 

0192 

RTECTL 

3FED 

RTN 

025F 

RUADD 

070C 

RUNEQ 

0484 

RWRG 

0060 

SCALE 

0784 

SCATT 

0667 

SCLLPl 

0799 

SCLLP2 

079D 

SETSW 

0040 

SLNERG 

0518 

SNCNTL 

073E 

SNDCR 

006B 

SNDLNE 

071D 

SNDLP 

0735 

SPC 

0020 

START 

0000 

STFIFO 

0244 

STK 

3FE5 

STOFCH 

0358 

STOFLN 

0512 

STOFLP 

035F 

STSCN 

06D0 

STSP 

06CB 

STUL 

07D2 

TAB 

060A 

TABSTP 

0033 

TBLJMP 

0200 

TDAOSP 

0611 

TGLCL 

0333 

TMCUR 

062F 

TOP 

3FF6 

TOPH 

3FF7 

TSANSP 

0620 

TSATT 

0635 

UCURl 

0451 

ULCASE 

3FF0 

UPCUR 

044E 

VCAL 

OllF 

VCALEN 

3FF4 

VERPRT 

0040 

VERT 

0010 

VERTDP 

0030 

VRWRAP 

0061 

VTSUB 

07AE 


1000 

W2 

2000 

WAIT 

014E 

. WFFRNG 

025A 

WTACEA 

006D 

WTACED 

006E 

ZROCUR 

04DE 




No Fatal error(s) 
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National 

Semiconductor 


Display Controllers/Drivers 

PRELIMINARY 


DP-XXX Advanced Graphic CRT Controller, AGCRTC 


General Description 

The DP-XXX advanced graphic CRT controller, AGCRTC, 
provides a versatile, powerful and flicker-free solution to 
all raster scan graphic systems. 

The AGCRTC performs six major tasks: 

1) screen update 

2) asynchronized pixel transfer 

3) dynamic RAM refresh control 

4) line drawing 

5) text processing 

6) scrolling 

Multiple AGCRTCs can be used in the same system for 
color graphics or for faster system throughput. 

Features 

■ Supports maximum 2048 pixels by 2048 lines raster 
scan display 

■ 16 or 32-blt wide data bus and 20-bit wide address bus 

■ Maximum frame buffer size up to 16 megapixels 

■ Screen parameters are programrhable, Including sync, 
blanking, screen size, etc. 

■ System parameters are programmable, including 
refresh, data bus width 


■ Supports both interlaced and noninterlaced raster 
scan displays. 

■ Supports BITBLT with clipping window 

■ Fast scrolling— a Ik by Ik display area can be scrolled 
in any direction within one frame time at 70 Hz, 
noninterlaced 

■ Line drawing at 200 ns per pixel 

■ Supports proportional spacing for word processing 

■ Horizontal and vertical SYNC inputs allowthe AGCRTC 
to lock to other video sources 

■ AGCRTC generates either composite SYNC or 
separate vertical and horizontal SYNCs 

■ Dynamic RAM refresh support 

■ Supports color graphics 

■ Easy interfacing to all popular microprocessors 

■ Versatile handshake signals for maximum utilization of 
the available bus bandwidth 

■ Pipelined data input and output structures for high 
system throughputs 

■ Maximum transfer rate, 320 megapixels per second 

■ High-speed CMOS technology 

■ 68-pin leaded chip carrier 



TL/F/5284-1 


FIGURE 1. Single Bus System Diagram 
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DS75491, DS75492 


National 
Semiconductor 


Display Controllers/ Drivers 


DS75491 MOS-to-LED Quad Segment Driver 
DS75492 MOS-to-LED Hex Digit Driver 


General Description 

The DS75491 and DS75492 are interface circuits 
designed to be used in conjunction with MOS 
integrated circuits and common-cathode LED's in 
serially addressed multi-digit displays. The num- 
ber of drivers required for this time-multiplexed 
system is minimized as a result of the segment- 
address-and-digit-scan method of LED drive. 


Features 

■ 50 m A source or sink capability 
per driver (DS75491) 

■ 250 mA sink capability 
per driver (DS75492) 

■ MOS compatability (low input current) 

■ Low standby power 

■ High-gain Darlington circuits 


Schematic and Connection Diagrams 


DS75491 (each driver) 


DS75492 (each driver) 
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DS75491 Dual-ln-Line Package 


DS75492 Duai-ln-Line Package 



Order Number DS75491J, DS75492J, 
DS75491N or DS75492N 
See NS Package J14A or N14A 
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Absolute Maximum Ratings (Note 1 ) 

DS75491 DS75492 


Input Voltage Range (Note 4) 

-5V to Vss 

-5V to Vss 

Collector Output Voltage (Note 5) 

10V 

10V 

Collector Output to Input Voltage 

10V 

10V 

Emitter to Ground Voltage (V| ^ 5V) 

10V 


Emitter to Input Voltage 

5V 


Voltage at Vss Terminal With Respect to 

Any Other Device Terminal 

Collector Output Current 

lOV 

10V 

Each Collector Output 

50 mA 

250 mA 

All Collector Outputs 

200 mA 

600 mA 

Continuous Total Dissipation 

600 mW 

600 mW 

Operating Temperature Range 

0°C to +70°C 

0°C to +70°C 

Storage Temperature Range 

-65°Cto+150°C 

-65°Cto+150°C 

Lead Temperature (Soldering, 10 sec) 

Maximum Power Dissipation at 25*^0 * 

300“C 

300° C 

Cavity Package 

1308 mW* 

1364 mWt 

Molded Package 

1207 mW* 

1280 mWt 


* Derate cavity package 8.72 mW/°C above 25° C; derate molded package 9.66 mW/°C above 25° C. 
^Derate cavity package 9.09 mW/°C above 25° C; derate molded package 10.24 mW/°C above 25° C. 


Electrical Characteristics D$75491 (Vss = 10V> = 0°c to +70°C unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

\/cE ON "ON” State Collector Emitter Voltage 

Input = 8.5V through 1 kL2, 

Ve =5V, Ic =50 mA 

Ta = 25° C 


0.9 

1.2 

V 

Ta = 0-70°C 



1.5- 

V 

•c OFF "OFF” State Collector Current 

Vc = 10V, 1 

1 IN - 40a(A 



100 

mA 

< 

o 

< 

V,N =0.7V 



100 

[Xf\ 

li Input Current at Maximum Input Voltage 

V|N = lOV, Vg =0, Ic =20 mA 


2.2 

3.3 

mA 

Ig Emitter Reverse Current 

V.^j =0 ,Ve =5V, Ic =0 



100 

IjA 

Iss Current Into Vgs Terminal 




1 

mA 

DS75492 (Vss = 10V, T^ = 0°C to +70°C unless otherwise noted) (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vql Low Level Output Voltage 

Input = 6.5V through 1 kH, 
Iqut “ 250 mA 

Ta = 25°C 


0.9 

1.2 

V 

Ta = 0-70°C 



1.5 

V 

Iqh R'Qh Level Output Current 

VoH = 10V 

1 1 N - 40/i A 



200 

ma 

V,N =0.5V 



200 

mA 

Ij Input Current at Maximum Input Voltage 

,V,N = 10V, lot =20 mA 


2.2 

3.3 

mA 

Iss Current Into Vss Terminal 




1 

mA 

Switching Characteristics 0575491 (Vss = 7.5v,Ta = 25°c) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time, Low-to-High Level Output (Collector) 

V|H =4.5V, Ve =0, 

Rl =20012, Cl = 15 pF 


100 


ns 

tpHL Propagation Delay Time, High-to-Low Level Output (Collector) 


20 


ns 

DS75492 (Vss = 7.5V, Ta = 25°C) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time. Low-to-High Level Output 

V,H =7.5V, Rl =3912, 
Cl = 15 pF 


300 


ns 

tpHL Propagation Delay Time, High-to-Low Level Output 


•30 


ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to •t-70°C temperature range for the DS75491 and DS75492. 

Note 3:AII currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 



5-107 


DS75491, DS75492 



AC Test Circuits and Switching Time Waveforms 


DS75491 DS75492 





Note 1 : The pulse generator has the foiiowing characteristics: Zqut 50^2, 
PRR = 100kHz,tw = lMS. 

Note 2: Ci. includes probe and jig capacitance. 


5-108 






Nanonal 

Semiconductor 


Display Controllers/ Drivers ^ 


DS55493/DS75493 Quad LED Segment Driver 

General Description Features 


The DS55493/DS75493 is a quad LED segment driver. 
It is designed to interface between MOS IC's and LED's. 
An external resistor is required for each segment to 
drive the output current which is approximately equal 
to 0.7 V/Rl and is relatively constant, independent of 
supply variations. Blanking can be achieved by taking 
the chip enable (CE) to a logical "1" level. 


Features 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Output current regulation 

■ Quad high gain circuits 


Schematic and Connection Diagrams 


(4, 5,12,13) 
INPUT O— 



^R6 


S 4k 

(2,7J0.15) 


Dual-In-Line Package 


^EXTERNAL 
►current SET 
r RESISTOR 



5ET1 IqUTT ini in 2 loUT2 RsET2 

Order Number DS55493J, DS75493J 
or DS75493N 

See NS Package J16A or N16A 


Typical Application 


Truth Table 


CALCULATOR 
OR OTHER 
CURRENT - 
SOURCE 
OUTPUT 


Vss Vcc Rset 



CE 

V|N 

•out 

0 

1 

ON 

0 

0 

OFF 

1 

X 

OFF 


DS75493 




DS55493/DS75493 


MAX 


UNITS 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 10V 

Input Voltage 10V 

Output Voltage Vcc 

Storage Temperature Range ' -65°C to +150®C 

Output Current (IqUT^ "25 mA 

Maximum Power Dissipation* at 25° C 

Cavity Package 1371 mW 

Molded Package 1280mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

* Derate cavity package 9.14 mW/°C above 25° C; derate molded 
package 10.24 mW/°C above 25°C. 


Supply Voltage 

Vcc 

Vss 

Temperature, T/\ 
DS75493 
DS55493 


0 +70 

-55 +125 


Electrical Characteristics (Vss > Vcc) (Notes 2 and 3) 


CONDITIONS 


Vss = Max. V,N = 8.8V, Vcc = Open, Vce = OV 

Iout = Rset@0V, Vce = 8.8V 

Vcc = Max, Vss = Max, Vqe = 8.8V, All Other Pins 
to Gnd 

Vcc = Min, Vss = 6.5V, 

_ Ice = 80/.(A, Vm = 6.5V 
louT @ 2.15V, Rl =50J2 h , in 

Through 1.0 kn, 

Vce = OV, V,n = 8.8V 
Vcc = Min, Vce = OV 
8.8V Through 

OUT SET 100 ktJ 

Measure Current to Gnd, ^ 

Vs, = 8.8V V«= 6.5V Through 

I.Okfl, V|N = 8.8V 


PARAMETER 

•(N 

Input Current 

•cE 

Chip Enable Input Current 

•out 

Output Current 

•OL 

Output Leakage Current 

•cc 

Supply Current, V^c 

•ss 

Supply Current 


•out - Rset @ OV, 
Measure Current to Gnd, 
Vss = 8.8V 


Vcc ~ Max, Vss ~ Max, All Other Pins to Gnd 


Vcc “ OV, All Other Pins to Gnd 

louT @ 2.15V, Vce = 8.8V 
Through 100 kfi, 

Vcc = Min, Vss = 8.8V Rl = 50^1 

Iqut “ open, Rset ~ Open, 
VcE = OV 


MAX UNITS 


mA 



Switching Characteristics Ta = 25°C, nominal power supplies unless otherwise noted 


CONDITIONS 


tpci(OFF) Propagation Delay to a Logical "0" 
From Input to Output 

(See AC Test Circuit) 

Won) Propagation Delay to a Logical "1" 

From Input to Output 

(See AC Test Circuit) 


MIN TYP MAX UNITS 





Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75493 and across the -55°C to +125°C range 
for the DS55493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. . 


AC Test Circuit 


8.8V 3.2V Rset Rl = 50 


Switching Time Waveforms 



9054 \ Jr90% 

50% hf50% 

^LlO% 10%Jfl 
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DS55494/DS75494 Hex Digit Driver 


General Description 

The DS55494/DS75494 is a hex digit driver 
designed to interface between most MOS devices 
and common cathodes configured LED's with a 
low output voltage at high operating currents. 
The enable input disables all the outputs when 
taken high. 


Features 

■ 150 mA sink capability 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Low voltage saturating outputs 

■ Hex high gain circuits 


Schematic and Connection Diagrams 


Vcc (16) 



1 

■ 

1 

■ 

■H 

T4 ir 

11 

H 

|i 

1 

C 

[ 

o 

] 

< 

r 

<1- 

|j 

5 

r 

o 

f 

] 

11 

[< 

NC 

IN 1 OU 

Order h 

3 

T1 OU 

lumber 

or 

r 1 

T2 IN 

TOP VIEW 

DS5541 

DS754S 

5 

2 OU' 

34J, D; 
)4N 

1 

r 3 ID 

S7549 

Ft 

1 3 GND 

4J 


See NS Package J16A or N16A 


Truth Table 


ENABLE 

ViN 

VoUT 

0 

0 

1 

0 

1 

0 

1 

X 

1 


X = don't care 
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DS55494/DS75494 


Absolute Maximum Ratings (Note 1) Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

10V 

Supply Voltage, Vcc 

3.2 

8.8 

V 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Maximum Power Dissipation* at 25° C 

10V 

10V 

-05°Cto +150°C 

Temperature, Ta 
DS75494 

DS55494 

0 

-55 

+70 

+125 

°c 

°c 

Cavity Package 

1433 mW 





Molded Package 

1362 mW 





Lead Temperature (Soldering, 10 seconds) 

300° C 






*Derate cavity package 9.55 mW/°C above 25°C; derate molded 
package 10.9 mW/®C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

I|H Logical “1“ Input Current 

Vcc = Min, V,N = 8.8V 

VcE =8.8V through 100k 



2.0 

mA 

VcE = 8.8 V 



2.7 

mA 

l,L Logical “0“ Input Current 

Vcc = Max. V,N = -5.5V 



-20 

ma 

Iqh Logical “1" Output Current 

Vcc = Max, VoH = 8.8V 

V„^J = 8.8V through 100k, Vce = OV 



400 

(UA 

V,N = 8.8V, Vce = 6.5V through 1 .Ok 



400 


Vql Logical “0“ Output Voltage 

Vcc ~ Min, Iql = 150 mA, V|m = 6.5V through 1 .Ok, 
VcE = 8.8V through 100k 

DS75494 


0.25 

0.35 

V 

DS55494 


0.25 

0.4 

V 

Ice Supply Current 

Vcc = Max 

One Driver “ON", V,^, = 8.8V 

DS75494 



8.0 

mA 

DS55494 



10.0 

mA 

All Other Pins to GND 

Vce - 6.5V through 1.0k 



100 

HA 

V,M = 8.8V through 100k 



100 

/iA 

All Other Pins to GND 



40 

HA 

toFF Output “OFF" Time 

Cl = 20 pF, Rl = 2412, Vcc = 4.0V, See ac Test Circuits 


0.04 

1.2 

MS 

toN Output “ON" Time 

Cl = 20 pF, Rl = 2412, Vcc 4.0V, See ac Test Circuits 


13 

100 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494 and across the— 55°C to +125°C range 
for the DS55494. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


AC Test Circuit and Switching Time Waveforms 


Tf = 10ns 
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DS8654 8-Output Display Driver (LED, VF, Thermal Printei) 
DS8656 Diode Matrix 


General Description 

DS8654 is an 8-digit driver with emitter/follower out- 
puts. It can source up to 50 mA at a low impedance, and 
operates with a constant internal drive current over a 
wide range of power supply— from 4.5V to 33V. The 
DS8654 can be used to drive electrical or mechanical, 
multiplexed or unmultiplexed display systems. It can be 
used as a segment driver for common cathode displays 
with external current limiting resistors or can drive 
incandescent or fluorescent displays directly, both digits 
(anodes) and segments (grids). It will be necessary to run 
the device at a lower duty cycle, to keep the maximum 
package dc power dissipation less than 600 mW while 
operating all 8 outputs at high supply voltage and large 
source current. The inputs are MOS compatible and 
eliminate the need for level shifting since inputs are 
referenced to the most negative supply of system. 

System Description 

The DS8654 and DS8656 are specifically designed to 
operate a thermal printing head for calculator or other 


uses. In this application the same segment in each digit 
Is selected at the same time, reducing the overall time 
for a complete print cycle. The DS8654 is an 8-digit 
driver. With a 15-digit print head, two of the DS8654 
are required. 

The DS8656 diode arrays are used to prevent "sneak” 
currents in the resistive print head. In a 15-diglt print 
head with one alphanumeric digit there are 119 resistor 
segments requiring 1 1 9 diodes. For ease of assembly, the 
DS8656 is configured in four groups of three common 
cathode diodes in each group. In the system, ten parts 
of DS8656 are required. 

The whole system Is designed to operate from a +19V 
supply for the print head and an 8-cell nickel-cadmium 
battery supplying -8V to -11.6V for the rest of the 
electronics. The 8-segment drive transistors require 
LVcer's of 33V min, j3 of > 100 at Iq = 500 mA, and 
Vsat ^ 1 -OV at 800 mA with 1 5 mA drive. 


Connection Diagrams 


Dual-ln-Line Package 

OUTS OUT 6 OUT 7 OUTS GND INS IN 7 INS INS 



Order Number DS8654N 
See NS Package N18A 


Oual-in-Line Package 



Order Number DS8656N 
See NS Package N16A 
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DS8654, DS8656 


Absolute Maximum Ratings DS 8654 (Notei) 


Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation at 25° C 
Molded Package (DS8654)* 

Molded Package (DS8656)'t' 

Lead Temperature (Soldering, 10 seconds) 


36V 
36V 
Vcc - 36V 
-65°Cto+150°C 

1563 mW 
1280 mW 
300° C 


Operating Conditions ds 8654 

MIN MAX 

Supply Voltage (Vqc) 4.5 33 

Temperature (T^) 0 +70 


UNITS 

V 

°c 


*Derate molded package 12.5 mV\//°C above 25°C. 
'•‘Derate molded package 10.24 mW/°C above 25° C. 


Electrical Characteristics ds 86B4 (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•iH 

Logical "1" Input Current 

Vcc "= IVlax, V,N = 6.5V 


390 

500 


l|L 

Logical "0" Input Current 

Vcc " IVlax, V,rj = 0.4V 


13 

40 

ma 

•off 

"Off" State Leakage Current 

VouT ~ ^cc “ 33V 


0.01 

-100 

fiA 

VqN 

"On" State Output Voltage 

Vcc “ Max, l||sj = 500iuA, 

Iqi_) ~ 50 mA 


< 

n 

0 

bo 

Vcc-2.5 

V 

•CC(OFF) 

Supply Current 

Vcc “ Max, V|N = Vqut ~ Gnd 


0.01 

1.0 

mA 

•CC(ON) 

Supply Current 

(All Outputs "ON") 

Vcc = Max, V,N = 6.5V, 

•out “ 0 mA 


7.5 

10 

mA 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8654. All typicals are given for Vqq = 30V 
and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


Electrical Characteristics ossese (t* =o°cto+7o°c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vr 

Peak Inverse Voltage 

1 p ~ 0. 1 m A 

35 



V 

Vf 

Forward Voltage 

Ip = 50 mA 



1.5 

V 

tr 

Reverse Recov. Time 

1 p — 50 m A to Ip ~0.1 mAatVp — 30V 



1.0 

/JS 


Schematic Diagram 

OS8654 
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DS8664 14-Digit Decoder/Driver With 
Low Battery Indicator 

General Description Featur 


The DS8664 circuit is a 14-ciigit decoder/driver with 
an 80 mA sink capability. The circuit has current thresh- 
old inputs, and is designed to be driven by P-channel 
MOS. The enable input permits interdigit blanking of 
the decoded outputs. An open-collector output os- 
cillator is provided for system timing (two passive 
external components are required). A low-battery in- 
dicator is provided at the "C" input with a nominal 
trip point of 3.25V at 25°C. 


Features 

■ Oscillator frequency accuracy allows maximum 
system speed 


Inter-digit blanking with the enable input provides 
ghost-free display operation 

Low-battery indicator accuracy provides consistent 
low-battery indication 
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DS8664 


Absolute Maximum Ratings (Note d 

Supply Voltage 10V 

Input Voltage ±10V 

Input Current ±1.5 mA 

Output Voltage 10V 

Storage T emperatu re Range -65° C to +1 50° C 

Maximum Power Dissipation* at 25° C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

^Derate molded package 16.04 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1“ Input Voltage 

Decoder Inputs 

vec = Venable = 4.9V 

l|N = 260m A 

0.50 



V 

l|N = 1400mA 



1.50 

v 

V|H Enable Input 

Vec = IVlax, IenABLE = 260mA, Ta = 25°C 

3.0 

■a 

5.1 

v 

l|H Logical “1“ Input Current 

Decoder Inputs 

vec = Maxr Venable = 4.9v 

260 


a 

ma 

l|H Enable Input 

VeC = 

260 



mA 

V|L Logical “0" Input Voltage 

Vec = Max, Venable = 4.9V, 

l|L = 25juA 

A|N-B|N.D|N 




V 

C|N 



HgQII 

V 

1|1_ Logical “0“ Input Current 

Vcc = Max, Venable = 4.9V, V|L= Max 



mm 

ma 

VqH C Input (Low-Battery Output) 

Vec = 3.1V, Ta = 25°C 

l|N = 300 m A 

4.9 

■a 


V 

l|N = 400 m A 

6.5 



V 

VqL C Input (Low-Battery Output) 

Vec = 3.4V, l|N = 1300 mA, Ta = 25°C 


1.0 


V 

IqH Logical "1" Output Current 

Except Pin R 

Vec = Max, VoH = 10.0V, VenABLE = 4.9V 

Vrc = 0.6V 



50 

ma 

IqS Output Short Circuit Current 

Pin R Only 

Vec Max, Vrc = 0.6V 

-0.15 

-0.28 

-0.45 

mA 

Vql Logical “0" Output Voltage 

Digit Outputs 

Vec = Min, Iql = 80 mA, VenABLE = 4.9V 


0.35 


' V 

VoL(OSC) Oscillator Output 

Vec = Min, Iql = 8 rnA, Vrc = 1-5V 


0.20 

0.55 

V 

Vql Pin R 

Vec ~ Min, Iql ~ OOmA, Vrc = 1 .5V 



10^11 

V 

Ice Supply Current-Enabled 

vec = Max, Venable = 4.9v 




mA 

Ice Supply Current— Disabled 

vec = Max, Venable = i-0v 


6.0 

HSQI 

mA 

^OSC Oscillator Frequency 

Rt = 35k ±2%, Ct = 100 pF ±5%, Vec = Min to 4.5V 

300 



kHz 

Rt = 33k ±2%, Ct = 1 00 pF ±5%, Vec = 7.9V to Max 



400 

kHz 

D.C. Duty Cycle (tpwH/T") 

RT.= 35k ±2%, Ct = 100 pF ±5%, Vec = Min to 4.5V 

0.46 

0.56 

BIS 


Rt = 33k ±2%, Ct = 100 pF ±5%, Vec = 7.9V to Max 

0.46 

0.56 

EE9 


SwitChinQ ChdrSOtGriStiCS Vec = 4.0V, = 25°c unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdl or tpdo Propagation Delay From A, B, C, D 

Inputs to Digit Outputs 

rin = 8 . 2 k, Venable = lov, 

RL= icon. Cl = 50 pF 



500 

ns 

tpdO Propagation Delay to a Logical “0" 

From Enable Input to Digit Outputs 

R|N = 8.2k, Rl = lOOn, Cl = 50 pF 

30 

80 

200 

ns 

tpdl Propagation Delay to a Logical “1" 

From Enable Input to Digit Outputs 

R|N = 8.2k, Rl = 100^2, Cl = 50 pF 

100 

250 

500 

ns 


Note 1 : “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 


Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range; all typical values are given for Vqq = 4.0V and T/\ = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vqq) 

2.9 

9.5 

V 

Temperature (Ta) 

0 

-h70 

°c 
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AC Test Circuits and Switching Time Waveforms 


8.4V 


TO 

POWER 

SUPPLY 


> 


i Vcc 


X 


0.1/jF 


TO PULSE 
GENERATOR 
AND SCOPE 
PROBE 



INPUT PIN 
UNDER TEST 


SINKING OUTPUT 
PIN UNDER TEST 



PIN R 


PIN RC 



8.4 V 



TO 

SCOPE 

PROBE 




Truth Table 


A|(vj 

Bin 

C|N 

Din 

DIG. OUT ON 

D 

0 

0 

0 

NONE 

■1 

0 

0 

0 

1 

0 

1 

0 

0 

2 

1 

1 

0 

0 

3 

0 

0 

1 

0 

4 

1 

0 

1 

0 

5 

0 

1 

1 

0 

6 

1 

1 

1 

0 

7 

0 

0 

0 

1 

8 

1 

0 

0 


9 

0 

1 

0 


10 

1 

1 

0 


11 

0 

0 

1 


12 

1 

0 

1 


13 

0 

1 

1 


14 

1 

1 

1 

Hi 

NONE 
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DS8666 14-Digit Decoder/Driver 

General Description 

The DS8666 circuit is a 14-digit decoder/driver. Six 
outputs have an 80 mA sink capability, and eight of the 
outputs have a 13 mA nominal source drive capability to 
drive external grounded-emitter transistor bases. The 
circuit has current threshold inputs, and is designed to 
be driven by P-channel MOS. An enable input is pro- 
vided to allow for inter-digit blanking of the decoded 
outputs. An openjcollector output oscillator Is provided 
for system timing (two passive external components 
are required). 


Features 

■ Oscillator frequency accuracy allows maximum 
system speed 

■ Inter-digit blanking with the enable input provides 
ghost-free display operation 


Logic and Connection Diagrams 


C|N O- 


Bin O- 


A|n O 


D|N O 


GND o 



Dual-In-Line Package 


-VW— o ENABLE 





enable — 


— Vcc 

ClN“ 



Bin — 


22 

— RC 

A|n — 


— OSCOUT 

D|N — 


20 

DIGIT 1 OUT 

DIGIT 14 OUT 


— DIGIT20UT 

DIGIT 13 OUT- 


— digit 3 OUT 

DIGIT 12 OUT — 


— DIGIT40UT 

DIGIT11 OUT— 2- 


— digit 5 OUT 

DIGIT 10 OUT -12. 


— DIGIT 6 OUT 

DIGIT 9 OUT -11 


— DIGIT 7 OUT 

GND — 


— DIGIT 8 OUT 


I ONE TYPICAL OUTPUT SHOWN 
[ OF EACH TYPE | 

^SINKING 
' OUTPUT 


Order Number DS8666N 
See NS Package N24A 
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Absolute Maximum Ratings (NoteD Operating Conditions 

MIN MAX UNITS 

Supply Voltage 10V Supply Voltage (Vq^) 7.9 9.5 V 

Input Voltage 10V Temperature (Ta) 0 +70 °C 

Input Current ±1.5 mA 

Output Voltage 10V 

Storage T emperature Range -65° C to +1 50° C 

Maximum Power Dissipation at 25°C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

*Derate molded package 16.04 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical “1" Input Voltage 

Decoder Inputs 

Vcc = Max, Venable = 6.7V 

l|N = 390 jUA 

0.50 



V 

l)N = 1400 /iA 



1.50 

V 

V|H Enable Input 

Vcc = Max, IenABLE = 140juA 

5.0 

6.3 

7.0 

V 

l|H Logical "1" Input Current 

Decoder Inputs 

Vcc = Max, Venable = 6.7V 

390 



mA 

l|H Enable Input 

Vcc = Max 

140 



mA 

V|L Logical "0" Input Voltage 

Vcc = Max, Venable = 6.7v, I|l = 25juA 



0.30 

V 

l|L Logical "0" Input Current 

Vcc = Max, Venable = 6.7V, V|l = Max 



25 

fjiA 

lOH(OSC) Oscillator Output 

Vcc = Max, VOH = 10.0V, Vrc = 0.6V 



50 

ma 

Iqh Digit 1-8 Outputs 

Vcc = Max, VoH = l-OOV, VenABLE = 6.7V 

-7.0 

-13.0 

-20.0 

mA 

IqH Logical"!'' Output Current 

Digit 9—14 Outputs 

Vcc = Max, VoH = lO.OV, VenABLE = 6.7V 



50 

ma 

IqS Output Short-Circuit Current 

Pin R Only 

Vcc = Max, Vrc = 0.6V 




mA 

VoL(OSC) Oscillator Output 

Vcc ~ Min, Iql ” 6 mA, Vrc = 1.5V 




V 

Vql Logical "0" Output Voltage 

Digit 1-8 Outputs 

Digit 9—14 Outputs 

Pin R 

Vcc = Min, Venable = 6.7v 

Iql = 40 fJiA 


■ 


V 

lOL 80 mA 




V 

Iql = 60 juA, 
Vrc= 1.5V 


m 


V 

Ice Supply Current— Enabled 

Vcc = Max, Venable = 6.7v, vqh = loov, 

(Sourcing Output "ON") 


26.0 

35.0 

mA 

Ice Supply Current-Disabled 

Vcc = Max, Venable = lov 


5.0 

7.0 

mA 

^OSC Oscillator Frequency 

RT = 33k ±2%, Ct = 100 pF ±5% 

Vcc “ Min 

Vcc = Max 

320 

360 

400 

kHz 

D.C. Duty Cycle (tpwH/^) 

Rt = 33k ±2%, Ct = 100 pF ±5% 

Vcc ^ Min 

Vcc = Max 

0.46 

0.56 

0.66 


Switching Characteristics vec = 8.4v, ta = 25°c 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdO or Propagation Delay From A, 

tpdl B, C, D Inputs to Digit 

Outputs 

Rin = 8.2k, Venable = 10V, 

Cl = 50pF 



500 

ns 

tpdO or Propagation Delay From 

tpdl Enable Input to Digit 

Outputs 

Rin = 8.2k, Cl = so pF 



500 

ns 

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C for the DS8666. All typicals are given for Vcc “ 8.4V and 

Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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AC Test Circuits and Switching Time Waveforms 


TO PULSE 
GENERATOR 
AND SCOPE 


INPUT PIN 
UNDER TEST 


SINKING OUTPUT 
PIN UNDER TEST 


OSCILLATOR 

OUTPUT 



SOURCING OUTPUT 
PIN UNDER TEST 





Note. Input rise and fall times are 120 ns between 10% and 90% points. 


Truth Table 


Aim I Bim ! Cim I Dim I DIG. OUT ON i 
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National 

Semiconductor 


Display Controllers/ Drivers 


DS8669 2- Digit BCD to 7-Segment Decoder/Driver 


General Description 

The DS8669 is a 2-digit BCD to 7-segment decoder/ 
driver for use with common anode LED displays. The 
DS8669 drives 2 7-segment LED displays without 
multiplexing. Outputs are open-collector, and capable 
of sinking 25 mA/segment. Applications include TV 
and CB channel displays. 


Features 

■ Direct 7-segment drive 

■ 25 mA/segment current sink capability 

■ Low power requirement— 16 mA typ 

■ Very low input currents— 2 juA typ 

■ Input clamp diodes to both Vqq and ground 

■ No multiplexing oscillator noise 


Logic and Connection Diagrams 


Dual-ln-Line Package 



Order Number DS8669N 
See NS Package N24A 


DS8669 



DS8669 


Absolute Maximum Ratings (Note 1) 


Supply Voltage 7V 

Input Current 20 mA 

Output Voltage 12V 

Storage T emperature Range -65° C to +1 50° C 

Maximum Power Dissipation* at 25° C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

* Derate molded package 16.04 mW/°C above 25° C. 


Operating Conditions 

MIN MAX 

Supply Voltage (Vqc) 4.5 6.0 

Temperature (T/\) 0 +70 


UNITS 

V 

°C 


Electrical Characteristics vcc = s.asv, (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

Logical "1" Input Voltage 

Vcc = Min 

2.0 


VcC+0-6 

V 

V|L 

Logical "0 ' Input Voltage 

Vcc = Min 

-0.3 


0.8 

V 

•o 

Logicar'l” Output 

Vcc ” Max, 



50 

fiA 


Leakage Current 

VOUT=10V 





VOL 

Logical "0" Output Voltage 

lOL = 25 mA, 

Vcc “ Min 



0.8 

V 

l|H 

Logical "1" Input Current 

V|N = Vcc = Max 


2.0 

10 

ma 

l|L 

Logical “0" Input Current 

V|N = 0V, 

Vcc = Max 


-0.1 


iuA 

Ice 

Supply Current 

All Outputs Low, 

Vcc = Max 


16 

25 

mA 

V|c 

Input Clamp Voltage 

l||M = 10 mA 




V 



l||M = -10mA 



-1.5 

V 

tpdo 

Propagation Delay to a Logical "0" 
From Any Input to Any Output 

RL=400fi 

Cl=50pF 

Ta = 25°C 



10 

MS 

tpdl 

Propagation Delay to a Logical “1 " 
From Any Input to Any Output 



10 

MS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C range for the DS8669. All typicals are given for Vqq = 5.25V 
and T/!i^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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National 

Semiconductor 


Display Controllers/ Drivers 


DS8692, DS8693, DS8694 Printing Calculator Interface Set 


General Description 

Two DS8692 IC's and one each of the DS8693 and 
DS8694 provide the complete interface necessary 
between the. MM5787 calculator chip and the Seiko 
Model 310 printing head. The DS8692 is an array of 
eight common emitter output transistors each capable 
of sinking 350 mA, with open collector saturating 
outputs. The DS8693 contains the interface logic for 
the color solenoid driver, motor driver, and 7-column 
character select solenoid drivers. The DS8694 contains 
the interface logic for 8-column solenoid drivers plus 
the clock oscillator and timing signal buffer. The color 
and character select solenoid latch outputs of both are 


constant current outputs supplying the base current 
for the DS8692 arrays. These outputs also feature active 
pull-down. The motor drive latch output is an open 
collector capable of sinking 20 mA. 


Features 

■ Provides complete interface package for printing 
calculators with minimum number of packages and 
minimum number of external components 

■ 350 mA sink capability 


Connection Diagrams 

Dual-In-Line Package 


Dual-ln-Line Package 


COLUMN LATCH 


C8 B8 B7 C7 NC C6 B6 B5 
22 1 21 1 20 1 19 1 18 1 17 |l6 1 15 1 14 1 13 Jl2 




rr 


T' 


h rl 


h H 

L 


Cl B1 B2 C2 NC C3 B3 
TOP VIEW 

Order Number DS8692N 
See NS Package N22A 



Dual-ln-Line Package 


Order Number DS8693N 
See NS Package N22A 


COLUMN LATCH 

* nTIMING 


Vcc ou 

_u 

T1 ou 

u 

T20U 

u 

T30U 

u 

T400 

u 

T50t 

19 

T601 

18 

T701 

17 

T8 1 

18 

OS 

15 

;c os 

14 

:r 

13 






[£ 

1 


} 

■c 

1 

I 

! 

E 


C 

r 

■ 















J 


n 

n 

n 

r 

n 

6 

7 

• 

9 

10 

rr 


INI IN 2 IN 3 IN 4 INS IN 6 IN 7 IN 8 CLK TIMING OSC GND 
- — / OUT OUT 


COLUMN 

TOP VIEW 

Order Number DS8694N 
See NS Package N24A 
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Absolute Maximum Ratings 

DS8692-Transistor Array 

' (Notel). 


Collector to Base Voltage 

25V 

Power Dissipation (T/^ = 25° C) 

650 mW 

Collector to Emitter Voltage 

25V 

Operating Junction Temperature 

150°C max 

Collector to Emitter Voltage (Note 4) 

15V 

Operating Temperature Range 

0°C to +70° C 

Emitter to Base Voltage 

6V 

Storage Temperature Range 

-65°Cto+150°C 

Collector Current (Continuous) 

0.4A 

Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics os8692 (Notes 2 and 3 ) 


PARAMETER | 

CONDITIONS 

MIN 

VCEO 

Collector to Emitter Breakdown 

Voltage 

IC = 500 /uA, Ib = 0 

15 

VCES 

Collector to Emitter Breakdown 

Voltage 

IC = 1 rnA, Vbe = 0 

25 

VCBO 

Collector to Base Breakdown 

Voltage 

IC = 1 mA, Ie = 0 

25 

VCE(SAT) 

Collector to Emitter Saturation Voltage 

IC = 350 mA, Ib = 7.0 mA, 
(Note 7) 


VbE(SAT) 

Base to Emitter Saturation Voltage 

IC = 350 mA, Ib = 7.0 mA, 
(Note 7) 



TYP MAX 


Absolute Maximum Ratings 0 S 8693 (Note d Operating Conditions ds8693 


Supply Voltage 12V 

Input Voltage 12V 

Output Voltage 

All Pins Except Pin 13 12V 

Pin 13 19V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation"^ at 25° C 

Molded Package 1897 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 1 5.18 mW/°C above 25°C. 

Electrical Characteristics ds 8693 (Notes 2 and 3) 

PARAMETER CONDITIONS 

COLUMN DRIVERS 


Supply Voltage {Vqq) 
Temperature {T/\) 


MIN MAX UNITS 

8.5 11.0 V 

0 +70 °C 


MIN TYP MAX UNITS 


Input Current 


V|N = 2.7V 



V|n = 9.5V 



250 

fjiA 

Vql Output OFF Voltage 

Vcc = Min, V|N = 2.7V, VcLOCK = 3.5V, 
lOUT = 1 mA 



0.4 

V 

Iqh Output ON Current 

Vcc = Min, V|i^ = 7.0V, VcLOCK = 3.5V, 
VoUT = lOV 

-7 


-17 

mA 

Iqs Output Short Circuit Current 

Vcc = Max, V|N = 2.7V, VcLOCK = 3.5V, 



-1.2 

mA 


VOUT = OV 


CLOCK INPUT 





DS8692, DS8693, DS8694 
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Electrical Characteristics (continued) ossess 

PARAMETER 

1 CONDITIONS 

1 MIN 

I TYP 

I MAX 

1 UNITS 

MOTOR DRIVER (Continued) 

Iqx Output Leakage Current 

Vcc = Max, VpRiiMT = 2.3V, 

VSTOP = 0-8V, VquT = 15V 



100 

ma 

I|H(ST0P) Logical "1" Input High Current 




-10 

ma 

COLOR DRIVER 

l|[\l Input Current 

V|n = 3.5V 



300 

ma 

V|N= 1.7V 

50 


' 

ma 

VoL Output OFF Voltage 

Vcc = Min, V|(v| = 1 .7V, IqUT " 1 rnA 



0.4 

V 

lOH Output ON Current 

Vcc = Min. V|N = 3.5V, VquT = 1 OV 

-8 


-18 

mA 

ICC(SB) Stand-by Supply Current, 

, (Notes) 

Vcc = Max, VcOLUMN IN/VrrinT = OV, 
VCOLOR = OV, VcLOCK = 3.5V 



55 

mA 

Absolute Maximum Ratings dssgsa (Noteii Operating Conditions ds8694 

Supply Voltage 12V MIN MAX UNITS 

Input Voltage Supply Voltage (Vcc) 8.5 11.0 V 

All Pins Except Pin 15 12V 

Pin 15 19V Temperature (T /^} 0 +70 °C 

Output Voltage 12V 

Storage Temperature Range -65°C to +150'’C 

Maximum Power Dissipation* at 25° C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 16.04 mW/°C above 25°C. 

Electrical Characteristics ds 8694 (Notes 2 and s) 

PARAMETER 

CONDITIONS 

MIN 1 

TYP I 

MAX 1 

UNITS 1 

COLUMN DRIVER 

l||\| Input Current 

V|n = 2.7V 



50 

HA 

V|N = 9.5V 



250 

ma 

VoL Output OFF Voltage 

Vcc = Min, V|N = 2.7V, VcLOCK = 3.5V, 
IOUT= 1 mA 



0.4 

V 

Iqh Output ON Current 

Vcc = Min, V|N = 7.0V, VcLOCK = 3.5V, 
V0UT= 10V 

-7 


-17 

mA 

IqS Output Short-Circuit Current 

Vcc = Max, V|N = 2.7V, VcLOCK = 3.5V, 
VoUT=0V 



-1.2 

mA 

CLOCK INPUT 

l||M Input Current 

V|n = 3.5V 


■■il 

300 

ma 

VirM = 2.7V 

50 



ma 

V|H Logical "I” Input High Voltage 


3.5 



V 

Vii_ Logical "0" input Low Voltage 




1.6 

V 

TIMING BUFFER 

1|N Input Current 

VjN = 2V 



-50 

iuA 

V|N= 17V 



880 

/iA 

VoL Output Low Voltage 

•out = BOjuA, ViN = 10V 



0.5 

V 

VoH Output High Voltage 

IOUT=-50/xA,V|N = 7V 

VcC“10 



V 

OSCILLATOR 

fOSC Frequency 

Vcc = Max, R = 18k, C = 0.0015juFd, 

(Note 5) 




kHz 

VoL Output Low Voltage 

Vcc = Min, IquT = 50 juA 



0.5 

V 

VoH Output High Voltage 

•out = -50 m A 

Vcc-l-O 



V 

DC Duty Cycle 

Vcc = Max 

40 

50 

60 

% 

VOSC Osc. Vcc Turn ON Voltage 


6.0 

7.7 

8.5 

V 

ICC(SB) Stand-by Supply Current 

Vcc = Max, VcOLUMN IN/ 

VpRlNT = OV, ICLOCK = 300 mA 

H 

IB 

55 

mA 


5-128 
































Switching Characteristics ds8694 

Vcc ~ 5V, T/\ = 25°C (unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

COLUMN DRIVERS (DS8693, DS8694) (Figure 3) 

PWcOLUMN Column In Pulse Width 


1.1 



ns 

PWcLOCK Clock Pulse Width 


1.0 



MS 

td Delay of Column In Pulse After 

Clock Transitions to Low State 

for Output to Latch 


0.1 



MS 

tpDO Propagation Delay to a Logical 

"0" From Clock to Column Out 

Output 

Column In = OV 



10.0 

MS 

tpDi Propagation Delay to a Logical 

"V From Clock to Column 

Output 

Column In = 7V 



1300 

MS 

tpDO Propagation Delay to a Logical 

"0” From Column In to Column 

Out 

Clock = 7V 



10 

MS 

tpDl Propagation Delay to a Logical 

"1" From Column In to Column 

Out 

Clock = 7V 



1300 

MS 

COLOR DRIVER IDS8693) (Figure 4) 

tpDO Propagation Delay to a Logical 

"0” From Color In to Color Out 




10.0 

MS 

tpDI Propagation Delay to a Logical 

"1" From Color In to Color Out 




10.0 

MS 

MOTOR DRIVER (DS8693) (Figure 6) 

PWpRiNT Print Signal Pulse Width 


^ 1 



MS 

PWsTOP Stop Signal Pulse Width 


1 



MS 

PWclOCK Clock Pulse Width 


1 



MS 

tpDO Propagation Delay to a Logical 

"0” From Print to Motor Drive 

Out 




10 

MS 

tpDl Propagation Delay to a Logical 

"1” From Motor Stop (High-to- 

Low Transition) to Motor Drive 

Out 

Print = OV, Clock = 7.0V 



10 

MS 

TIMING SIGNAL BUFFER (DS8694) (Figure 5) 

PWtimING Timing Signal Pulse Width 


1 

1000 


ms 

t|- Rise Time 

ClOAD = 35 pF 



500 

ns 

tf Fall Time 

ClOAD = 35 pF 



500 

ns 

tpDO Propagation Delay to a Logical 

"0“ From Timing In to Timing 

Out 




10 

MS 

tpDI Propagation Delay to a Logical 

"1” From Timing In to Timing 

Out 




10 

MS 


CLOCK OSCILLATOR (DS8694) (Figure 7} 


fosc 

Oscillator Frequency 

(Note 5) 

85 

100 

115 

kHz 

DC 

Duty Cycle 


40 

50 

60 

% 

tr 

Rise Time 

ClOAD = 70pF 



500 

ns 

tr 

Fall Time 

ClOAD = 70 pF 



500 

ns 
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Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8692, DS8693, DS8694. All typicals are given 
for Vcc = 1 0V and Ta = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

All values shown as max or min on absolute basis. 

Note 4: Ratings refer to a high current point where collector-emitter voltage is lowest. 

Note 5: Oscillator frequency is determined by external R between "Osc R" and "Osc C" and external C from "Osc C" to ground. 2k > R > 20k. 
Note 6: Column outputs operate on approximately 1/16 duty cycle in normal operation. 

Note 7: Measured with one output on at a time. 


System Connection Diagram 



DIO MM5787 

VOD 

e— ovdd 

Dll 



D12 

READY 

— — Onc '^dd 

D13 


20 I "”! 

D14 

ADD 

j ^ 1 


MEM 

10 j 1 

)SC IN 

CDLOR 

CALC 

j_ 5056 L^ Vgc 

TIMING SIGNAL 

CLKOUT 

14 

IN 

PRINT 


Vss = 10V (typical) 

— T' 


Vp = 17V (typical) 

1 


Vdd = gnd 

FIGURE 1 









Logic and Timing Diagrams 



Switching Time Waveforms 



FIGURE 3. DS8693, DS8694 Column Latch 



FIGURE 4. DS8693 Color Driver 



FIGURE 5. DS8694 Timing Signal Buffer 




DS8692, DS8693, DS8694 


Logic and Timing Diagrams 




MOTOR STOP i I I i i i I i 


Switching Time Waveforms 



FIGURE 6. DS8693 Motor Drive Latch 


I --.V\Ar-4 





OSC RISE TIME 

Vcc 


85 kHz < l/tncr < 115 kHz 


d = duty cycle = 
40% < d < 60% 


OSCpwH 

OSCp\/\/H + OSCp\/VL 


FIGURE 7. DS8694 Oscillator Diagram 
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DS8859A, DS8869A Open Collector Hex Latch LED Drivers 


General Description 

The DS8859A, DS8869A are TTL compatible open 
collector hex latch LED drivers with programmable 
current sink outputs. The current sinks are nominally 
set at 14 mA but may be adjusted by external resistors 
for any value between 0—32 mA. Each device contains 
six latches which may be set by input data terminals. 
An active low strobe common to all six latches en- 
ables the data input terminals. The DS8859A current 
sink outputs are switched on by entering a high level 
into the latches and the DS8869A current sink outputs 
are switched on by entering a low level into the latches. 

The devices are available in either a molded or cavity 
package. In order not to damage the devices there is a 


limit placed on the power dissipation allowable for each 
package type. This information is shown in the graph 
included in this data sheet. 

Features 

■ Built-in latch 

■ Programmable output current 

■ TTL compatible inputs 

■ 32 mA output sink 


Logic Diagram 


Output Circuit 


088859 



SOURCES 



Connection Diagram Truth Table 


Dual-ln-Line Package 


Vcc Iadj input 1 OUTPUT 1 INPUT 2 OUTPUT 2 INPUT 3 OUTPUTS 



TOP VIEW 


COMMON 

STROBE 

INPUT 

DATA 

DS8859 
OUTPUT 
(t + l) 

DS8869 
OUTPUT 
(t + 1) 

0 

0 

OFF 

ON 

0 

1 

ON 

OFF 

1 

X 

OUTPUT (t) 

OUTPUT (t) 


Order Number DS8859AJ, DS8869AJ, 
DS8859AN or DS8869AN 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note d 


Operating Conditions 


Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25° C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

*Derate cavity package 9.55 mW/°C above 25° C; derate molded 
package 10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Supply Voltage, Vcc 
Temperature, T/\ 


PARAMETER 

V|H Logical "1" Input Voltage 

liH Logical "1" Input Current 

V|L Logical "0" Input Voltage 

liL Logical "0" Input Current 

VcD Input Clamp Voltage 

I OH Logical "1" Output Current 

Vql Logical "0" Output Voltage 

Ice Supply Current 

■sink Output Current 


CONDITIONS 

Vcc = Min 

Vcc = Max, V,rg = 2.4V 

Vcc = Min 

Vcc = Max,V,N 

Vcc “ Min, l|H — 12 mA 

Vcc = Min, V,L = 0.8V, Vqh = 5.5V, V,h = 2.0V 

Vcc = Min, V,L = 0.8V, Iql = 16 mA, 

V|H = 2V, V|adJ = VecMIN 

Vcc " Max, Current Sources "OFF," 

(See Truth Table), (Note 4) 

Vcc = 5.0V, VouT = 2.0V, Viadj = 5V 
Ta = 25°C, (Note 4) Iadj = Open 


MAX 

UNITS 


V 

40 

mA 

0.8 

V 

-1.6 

mA 

-1.5 

V 

250 

fxA 

0.4 

V 

50 

mA 


mA 

26 

mA 


Switching Characteristics = 25 °c, Vec = sv 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

fpdo Propagation Delay to a Logical "0" 


Data to Output 



36 

ns 


Cqlix — 15 pF, R|_ — 39012, 

Strobe to Output 



50 

ns 

fpdi Propagation Delay to a Logical "1" 

(Note 5) 

Data to Output 



150 

ns 



Strobe to Output 



150 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range. All typicals are given for Vqq = 5.0V and 
Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: See graphs for changes in IsiNK versus changes In temperature and Vqq. 

Note 5: CquT includes device output capacitance of approximately 8.5 pF and wiring capacitance. 
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CURRENT SINK (mA) 


Typical Performance Characteristics 



•sink vs V|ADJ <See Figure 1) 
SO 

40 

< 30 

3 20 

10 

0 

2.0 3.0 4.0 5.0 

Viadj (VOLTS) 



^ ‘sink vs Temperature A Isink/Vcc 



-60 -30 0 30 60 90 120 4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 

TEMPERATURE (“0 Vcc (VOLTS) 


•sink Adjustment Circuit 



L- 


• aDJ programmed by a 

voltage source or by resistors. 

FIGURE 1. 
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DS8861, DS8863, DS8963 



National Display Controllers/ Drivers 

Semiconductor 


DS8861 MOS-to-LED 5-Segment Driver 
DS8863 MOS-to-LED 8-Digit Driver 
DS8963 MOS-toLED 8-Digit Driver 


General Description 

The DS8861, DS8863 and DS8963 are designed 
to be used in conjunction with MOS integrated 
circuits and common-cathode LED's in serially 
addressed multi-digit displays. 

The DS8861 Is a 5-segment driver capable of 
sinking or sourcing up to 50 mA from each driver. 

The DS8863 is an 8-digit driver. Each driver is 
capable of sinking up to 500 mA. 

the DS8963 is Identical to the DS8863 except 
it is intended for operation at up to 18V. 


Features 

H 50 mA source or sink capability 
per driver,, DS8861 

■ 500 mA sink capability 

per driver, DS8863, DS8963 

■ MOS compatibility (low input current) 


■ Low standby power 

■ High gain Darlington circuits 


Schematic and Connection Diagrams 


DS8861 


DS8863/DS8963 



Dual-1 n-Line Package 



Y 



Dual-ln-Line Package 



Order Numbers DS8861N, DS8863N or DS8963N 
See NS Package N18A 
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Absolute Maximum Ratings 



DS8861 

DS8863 

DS8963 

Input Voltage Range (Note 1) 

-5V to Vss 

-5V to Vss 

— 5V to Vss 

Collector (Output) Voltage (Note 2) 

10V 

10V 

18V 

Collector (Output)-to-lnput Voltage 

10V 

10V 

18V 

Emitter-to-Ground Voltage (V| > 5V) 

10V 



Emitter-to-Input Voltage 

5V 



Voltage at Vss Terminal With Respect to 

10V 

10V 

18V 

Any Other Device Terminal 




Collector (Output) Current 




Each Collector (Output) 

50 mA 

500 mA 

500 mA 

All Collectors (Output) 

200 mA 

600 mA 

600 mA 

Continuous Total Dissipation 

800 mW 

800 mW 

800 mW 

Operating Temperature Range 

0°C to +70°C 

0°C to +70°C 

0°C to +70°C 

Storage Temperature Range 

-65°Cto+150°C 

+150°C 

-65°Cto+150°C 

Maximum Power Dissipation at 25°C 




Molded Package 

1476 m\N* 

1563 mWt 

1563 mWt 

Lead Temperature (Soldering, 10 sec) 

300°C 

300° C 

300° C 


*Derate molded package 1 1 .81 mW/°C above 25° C. 
^Derate molded package 12.5 mW/°C above 25°C. 


Electrical Characteristics DS 8861 (Vss = lov, Ta = 0°c to +70°C unless otherwise noted) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VcEON "ON" State Collector Emitter Voltage 

Input = 8V through 1 
Ic = 50 mA 

kn. Ve = 5V, 1 Ta = 25°C 


0.9 

1.2 

V 




1.5 

V 

IcoFF "OFF" State Collector Current 

Vc = 10V, Ve =0 

liN =40/iA 



100 

/iA 

V,M =0.7V 



100 

/iA 

li Input Current at Maximum Input Voltage 

V,N = 10V, Ve =0, Ic =20 mA 


2.2 

3.3 

mA 

Ig Emitter Reverse Current 

V,N=0. Ve= 5V, lc=0 



100 

A/A 

Iss Current Into Vss Terminal 




1 

mA 

DS8863/DS8963 (Vss ='1C)V, Ta = 0°C to +70°C unless otherwise noted) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vql Low Level Output Voltage 

V,n=7V, Iout=50C 

1 Ta = 25°C 



1.5 

V 

mA 



1.6 

V 

Iqh R'Qh Level Output Current 


l,N = 40/iA 



250 

AiA 

Vqh " 10V 

V,N =0.5V 



250 

^iA 

l| Input Current at Maximum Input Voltage 

V,N = 10V, Iql =20mA 



2 

mA 

Iss Current Into Vss Terminal 




1 

mA 

*18V for the DS8963 

Switching Characteristics osssei ivss = 7.5v, Ta = 25°c) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time, Low-to-High Level Output (Collector) 

V,h' = 4.5V, Ve = 0 


100 


ns 

tpHL Propagation Delay Time, High-to-Low Level Output (Collector) 

Rl = 20012, Cl = 15 pF 


20 


ns 

DS8863/DS8963 (Vss = 7.5V, Ta = 25°C) 

PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time, Low-to-High Level Output 

Vu 

h = 8 V, RL = 20n, 

= 15 pF 


300 


ns 

tpHL Propagation Delay Time, High-to-Low Level Output 

Cl 


30 


ns 

Note 1: The input is the only device terminal which may be negative with respect to ground. 

Note 2; Voltage values are with respect to network ground terminal unless otherwise noted. 
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AC Test Circuits and Waveforms 



NOTE 1: THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS: Zqut = 50iJ. 
PRR=100KHz, = 

NOTE 2: C,. INCLUDES PROBE AND JIG CAPACITANCE. 






^ National Display Cor 

Mji Semiconductor 

DS8867 8-Segment Constant Current Driver 


Display Controllers/ Drivers 


General Description 

The DS8867 is an 8-segment driver designed to be driven 
from MOS circuits operating at 8V ±10% minimum 
Vss supply and will supply 14 mA typically to an LED 
display. The output current is insensitive to V^c varia- 
tions. 


Features 

■ Internal current control— no external resistors 

■ 100% efficient, no standby power 

■ Operates in three and four cell battery systems 

■ Inputs and outputs grouped for easy PC layout 


Schematic and Connection Diagrams 


<9> SUBST. I 

GNDO I OOUT 


Typical Application 


Dual-ln-Line Package 

Vcc 0UT1 OUT 2 OUT 3 OUT 4 OUTS OUT 6 OUT 7 OUTB 



INI IN 2 IN 3 IN 4 INS INS IN 7 INS GND 
TOP VIEW 

Order Number DS8867N 
See NS Package N18A 


Typical 3 Cell Scientific Calculator Circuit 



DS8867 















DS8867 


Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX UNITS 

Supply Voltage 7V 

Input Voltage 10V 

Output Voltage 10V 

Storage Temperature Range — 65°C to +150°C 

Maximum Power Dissipation* at 25° C 

Molded Package 1345 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

* Derate molded package 10.76 mW/°C above 25° C. 


Electrical Characteristics (Note 2) . 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Vcc = Min, Vqh = 2.3V, I,h = 500iuA 


4.9 



l|L 

Logical "0" Input Current 

Vcc = Max, V 

OL = 1.8V, V,L = 2.0V 


0.1 

10 


•oh 

Logical "1" Output Current 

Vcc = Min. Vqh = 2.3V, I,h = BOOjuA 

-8 

-14 

-18 


•OL 

Logical "0" Output Current 

Vcc ~ Max, V 

OL = l.OV, V,L = 1.3V 




/iA 

'CC OFF 

Supply Current 

Vcc = Max 

All VoL = 1.0V, V,L = 1.3V, (Standby) 


4 

50 

/iA 

IcC ON 


All Vqh = 2.3V. V,h = 7.8V 


112 

150 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C. 


Supply Voltage, Vcc 3.3 6.0 V 

Temperature, T A 0 +70 °C 
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National 

Semiconductor 


Display Controllers/ Drivers 


DS8870 Hex LED Digit Driver 


General Description 


Features 


The DS8870 is an interface circuit designed to be used in 
conjunction with MOS integrated circuits and common- 
cathode LED's in serially addressed multi-digit displays. 
The number of drivers required for this time-multiplexed 
system is minimized as a result of the segment-address- 
and-digit-scan method of LED drive. 


■ Sink capability per driver— 350 mA 

■ MOS compatibility (low input current) 

■ Low standby power 

■ High-gain Darlington circuits 


Schematic and Connection Diagrams 


DS8870 (Each Driver) 


Dual-ln-Llne Package 


1A 6Y 6A Vss 5A 5Y 4A 




Order Number DS8870J or DS8870N 
See NS Package J14A or N14A 
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DS8870 


Absolute Maximum Ratings (Note d 


Input Voltage Range (Note 4) 

-5V to Vss 

Collector Output Voltage 

10V 

Collector Output to Input Voltage 

10V 

Voltage at Vss Terminal with Respect to 


Any Other Device Terminal 

lOV 

Collector Output Current 


Each Collector Output 

350 mA 

All Collector Outputs 

600 mA 

Continuous Total Dissipation 

800 mW 

Operating Temperature Range 

0°C to +70°C 

Storage Temperature Range 

-65°C to+150°C 

Maximum Power Dissipation at 25°C 


Cavity Package 

1308 mW 

Molded Package 

1207 mW 

Lead Temperature (Soldering, 10 seconds) 

300°C 


*Derate cavity package 8.72 mW/°C above 25'’C; derate molded package 9.66 mW/°C 
above 25° C. 


Eiectricai Characteristics (Vss = iov) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VoL 

Low Level Output Voltage 

Input = 6.5V through 1 kS7, 
louT = 350 mA, T^ = 25°C 

■ 

1.2 

1.4 

V 

VoL 

Low Level Output Voltage 

Input = 6.5V through 1 kr2, 
Iqut ~ 350 mA 

■ 

■ 

1.6 

V 

•oh 

High Level Output Current 

V 0 H-IOV, l,N = 40iUA 



200 

ma 

•oh 

High Level Output Current 

VoH= 10V, V,N = 0.5V 



200 

juA 

li Input Current at Maximum Input Voltage 

V,N= 10V, Iol = 20 mA 



3.3 

mA 

•ss 

Current Into Vss Terminal 




1 

mA 

Switching Characteristics (Vss = 7 5v,t^=25°c) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

■^PLH 

Propagation Delay Time, Low-to-High Level Output 

■ 

V,H = 7.5V, Rl = 39^2, 

Cl= 15 pF 

■ 

300 

■ 

^ ns 

Vhl 

Propagation Delay Time, High*to-Low Level Output 

V|H= 7.5V, RL = 39n, 
Cl=15pF 

■ 

30 

■ 

ns 


Note 1: "Absolute Maximum Ratings" are- those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Ail 
values shown as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 
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National 

SiA Semiconductor 


Display Controllers/ Drivers 


DS8871, DS8872, DS8873 Saturating LED Cathode Drivers 


General Description 

The DS8871, DS8872, and DS8873 are bipolar integrat- 
ed circuits designed to interface between MOS cal- 
culator circuits and common cathode LED displays 
operating in the multiplexed mode with a digit current 
of up to 40 mA. The DS8871 is an 8-digit driver; the 
DS8872 is a 9-digit driver; and the DS8873 is a 9-digit 
driver with a built-in battery condition indicator that 
turns on the digit 9 decimal point when the battery 
voltage drops to 6.5V (typical). In a typical calculator 
system operating on a 9V battery, the low battery 
indicator comes on as a warning that the battery should 
be replaced. But the calculator (IVIM5737 or equivalent) 
will still function properly for awhile. 


Features 

■ Single saturating transistor output 

■ Low battery indicator 

■ MOS compatible inputs 

■ Inputs and outputs clustered for easy wiring 

■ Drivers consume no standby power 


Schematic Diagram 


INPUT 
1,2, 3,4, 5, 6. 7, 8 



OUTPUT 

17,16,15,14,13,12,11,10 


Connection Diagrams (Dual-ln-Line Packages, Top Views) 




NC* 9 8 7 6 5 4 3 2 1 GND 


INPUTS 

Order Number DS8871N 
See NS Package N18A 

OUTPUTS 

Vcci Vcc 2 9 8 7 6 5 4 3 


Order Number DS8872N 
See NS Package N22A 



8 7 6 5 4 3 2 1 GNO 


INPUTS 

Order Number DS8873N 


See NS Package N22A 
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DS8871, DS8872, DS8873 


Absolute Maximum Ratings iNotei) 

Supply Voltage Vqqi = 11V 

Supply Voltage (Note 4) VcC2“11V 

Input Voltage 11V 

Output Voltage 8V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation at 25°C 

Molded Package (DS8871 )* 1563 mW 

Molded Package (DS8872, DS8873)+ 1 771 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

* Derate molded package 12.5 mW/°C above 25° C. 

"•■Derate molded package 14.17 mW/°C above 25° C. 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage, Vcci 

4.0 

9.5 

V 

Supply Voltage, Vqc 2 (Note 4) 

4.0 

9.5 

V 

Temperature, T 

0 

• +70 



Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

«IL 

Logical "0" Input Current 

V|N =0.4V 


28 

45 

UA 

•IH 

Logical "1" Input Current 

V|n = 4.5V 


1.7 

2.5 

mA 

VOL 

Logical "0" Output Voltage 

V(n = 3.2V, Iol = 40 mA 


0.35 

0.5 

V 

•OL 

Logical "0" Output Current 

Vin = 3.2V, Vol = 0-5V 



40 

mA 

•CEX 

Output Leakage Current 

VoH = 6V, I|n = 25juA 



40 

/iA 

•dp(on) 

Decimal Point Output Current 

VcC2 = 6.25V, Vdp = 2.5V, V|N 9 = 3.2V 
(Note 4) 

-5.0 

-7.0 


mA 

•DP{0FF) 

Decimal Point Output Current 

VCC2 = 7V, V|N9 = 3.2V, Vqp = IV, 

(Note 4) 


-1 

-100 

UA 

•cci 

Supply Current, Vcci 

Vcci =6.5V, V|N = 0V 


1 

100 

juA 

•CC2 

Supply Current, VcC2 

VcC2 = 9-6V, V|N9 = 4.5V, (Note 4) 


0.9 

1.2 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

Note 4: Applies to DS8873 only. 


Typical Applications 



FIGURE 1. 4-Cell System 


FIGURE 2.9V System 
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National 
Semiconductor 

DS8874 9-Digit Shift input LED 

General Description 

The DS8874 is a 9-digit LED driver which incorporates a 
shift register input decoding circuit and a low battery 
indicator. Outputs will sink 110 mA at less than 0.5V 
drop when sequentially selected. When the Vqc supply 
falls below 6.5V typical, segment current will be fur- 
nished at digit 9 time to indicate a low battery condition. 

Pin 13 is generally connected to the decimal point 
segment on the display so that when a low battery 
condition exists, the left-most decimal point lights up. 

The digit driver is intended to be used with the 


Display Controllers/ Drivers 


Driver 


MI\/I5784N 5-function, 9-digit accumulating memory 
calculator circuit, or any other circuit which supplies 
the 9-digit information in a similar serial format. 

Features 

■ 110 mAdigitsink 

■ Low battery indicator 

■ Minimum nurhber of connections 

■ MOS compatible inputs 



Connection Diagram 


Equivalent Schematic 


Dual-ln-Line Package 


LOW 

BAIT 


Vcc OUT OUT 9 OUTS OUT? OUT 6 OUT 5 




13 

[12 

11 

10 

9 is 

1 

■ 

1 


!■ 

■ 

■ 

■ 


CP S/R 

0 


■ 

■ 

■ 

■ 

CLOCK DA 

PULSE 

2 

TA 01 

Orde 

See 

V 

JT 1 OU 

TOP 

r Numb 
NS Pac 

4 

T2 01 

VIEW 

er DS8e 
kage N 

5 

T3 01 

I74N 

14A 

jw 


10k -t — L 


Typical Application 


Typical Application of the DS8874 Digit Driver with the MM5784 5-Function 
Calculator Circuit, NSA1298 9-Digit LED Display and a 9V Battery 



TO 

KEYBOARD 
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DS8874 


Absolute Maximum Ratings (Note d 


Supply Voltage 10V 

Input Voltage 3V 

Output Voltage 10V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Molded Package 1280 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 10.24 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage (V^c) 
Temperature (T^) 


MIN 

6.0 

0 


MAX 

9.5 

+70 


UNITS 

V 

°c 


PARAMETER | 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|H 

Logical "1" Input Current 

Vcc = Max- V|r\) = 3V 


0.25 

0.4 

mA 

l|L 

Logical "0" Input Current 

Vcc = Max, V|fM = 0.8V 


0.05 

0.1 

mA 

VCCL 

Decimal Point "ON" 

Vdp = 2.3V, Idp = -4 mA, 09 = Vql 



6,0 

V 

VCCH 

Decimal Point "OFF" 

Vdp = 1V, ldp = -10A/A, 09 = VoL 

7.0 



V 

IQH 

Logical "1" Output Current 

Vcc = Max, Output Not Selected 



100 

ma 

VOL 

Logical "0" Output Voltage 

Vcc Min, Output Selected, Iqi = 80 mA 


0.45 

1 

V 



Vcc “ Max, Output Selected, Iqi = 110 mA 


0.6 

1.5 

V 

•cc 

Supply Current 

Vcc = Max, One Output Selected 


13 

19 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for 
actual device operation. 

Note 2: Unless othervjise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for T^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 


Timing Diagram (Upper Level More Positive) 


u 


u 

’Fl^rn«FI’Fli ' FIjFli^FI’FI" 'HI 

u 

u 

u 

u 

u 

u 

u 

u 

u 




U 


LT 
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National 

Semiconductor 


DS8877 6-Digit LED Driver 


General Description 

The DS8877 is a 6-digit LED driver designed as a pin- 
for-pin replacement for the DS75492 in applications 
where digit current is in the 5 to 50 mA range. Since the 
outputs saturate to less than 0.6V, the DS8877 will 
work on lower battery voltages than most digit drivers. 
The DS8877 draws no standby power. 


Dispiay Controllers/ Drivers 


Features 

■ No standby power 

■ No supply connection 

■ Operates in 4.5V, 6V or 9V systems 

■ Pin-for-pin replacement for DS75492 in low current 
applications 



Logic and Connection Diagrams 



Dual-In-Line Package 



TOP VIEW 

Order Number DS8877N 
See NS Package N14A 


DS8877 



DS8877 


Absolute Maximum Ratings (Note d 

Supply Voltage None Required 

Input Voltage 10V 

Output Voltage 10V 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation at 25°C 

Molded Package 1106 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

* Derate molded package 8.85 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 



V,H 

Logical "1" Input Voltage 


5.0 



V 

l|H 

Logical "1” Input Current 

V,H =5.0V 



1.2 

mA 

V.L 

Logical “0" Input Voltage 





V 

II 

Logical "0" Input Current 

V,L = 0,35V 



20 

ma 

•CEX 

Logical "V' Output Current 

Vc = 8.0V, V,N = 0.35V 



100 

juA 

Vql 

Logical "0" Output Voltage 

loL =35mA, V,N =5.0V 



0.5 

V 

•OL 

Logical "0" Output Current 

VoL = 0.5V, V,N = 5.0V 

35 > 

50 


mA 


Motel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for T/\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 



Calculator Configuration with MM5736 6-Digit Calculator 
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National 

Semiconductor 


Display Controllers/ Drivers 


DS7880/DS8880 High Voltage 7-Segment Decoder/Driver 


General Description 

The DS7880/DS8880 is custom designed to de- 
code four lines of BCD and drive a gas-filled 
seven-segment display tube. 

Each output constitutes a switchable, adjustable 
current sink which provides constant current 
to the tube segment, even with high tube anode 
supply tolerance or fluctuation. These current 
sinks have a voltage compliance from 3V to 
at least 80V; typically the output current varies 
1% for output voltage changes of 3 to BOV. Each 
bit line of the decoder switches a current sink on 
or off as prescribed by the input code. Each 
current sink is ratioed to the b-output current 
as required for even illumination of all segments. 

Output currents may be varied over the 0.2 to 1 .5 
mA range for driving various tube types or 
multiplex operation. The output current is ad- 
justed by connecting an external program resistor 


(Rp) from Vqq to the Program input in accor- 
dance with the programming curve. The circuit 
design provides a one-to-one correlation between 
program input current and b-segment output 
current. 

The Blanking Input provides unconditional blank- 
ing of any output display, while the Ripple Blank- 
ing pins allow simple leading- or trailihg-zero 
blanking. 

Features 

■ Current sink outputs 

■ Adjustable output current - 0.2 to 1.5 mA 

■ High output breakdown voltage — 110V typ 

■ Suitable for multiplex operation 

■ Blanking and Ripple Blanking provisions 

■ Low fan-in and low power 


Logic and Connection Diagrams 



a OUTPUT 


b OUTPUT 


c OUTPUT 


dOUTPUl 


<f OUTPUT 


I OUTPUT 


g OUTPUT 


CURRENT 

PROGRAMMING 

INPUT 


Dual-In Line Package 
OUTPUTS 



INPUTS INPUTS 

TOP VIEW 

Order Number DS7880J or DS8880J 
Order Number OS8880N 
See NS Package J16A or N16A 



5-149 


DS7880/DS8880 




DS7880/DS8880 


Absolute Maximum Ratings (NoteD Operating Conditions 


Vcc 

7V 

Supply Voltage (Vcc) 

MIN 

MAX 

UNITS 

Input Voltage (Except Bl) 

6V 

DS7880 

4 5 

5 5 

V 

Input Voltage (Bl) 

Segment Output Voltage 

00 < 
oo 
<o 

DS8880 

Temperature (T/^) 

4,75 

5,25 

V 

Power Dissipation 

600 mW 

DS7880 

-55 

M25 

" c 

Transient Segment Output Current (Note 4) 
Storage Temperature Range 

Maximum Power Dissipation* at 25°C 

Cavity Package 

Molded Package 

Lead Temperature (Soldering, 10 sec) 

50 mA 
-65°Cto+150°C 

1509 mW 

1476 mW 

300° C 

DS8880 

0 

+ 70 

"C 


* Derate cavity package 10.06 mW/°C above 25° C; derate molded 
package 1 1 .8 1 mW/° C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 

Vcc = Mm 

2.0 



V 

V|L Logical "0" Input Voltage 

Vcc - Min 



0.8 

V 

Vqh Logical "1" Output Voltage 

Vqq = Min, Iqlit ~ 200/iA, RBO 

2.4 

3.7 


V 

Vql Logical "0” Output Voltage 

Vqq = Min, Iqut ~ ^ mA, RBO 


0.13 

0.4 

V 

I|H Logical "1 " Input Current 

Vcc “ Max, Except Bl 

V,N =2.4V 


2 

15 

fiA 

V,N = 5.5V 


4 

400 

/iA 

lii_ Logical "0" Input Current 

Vcc = Max, V,N = 0.4V 

Except Bl 




fiA 

Bl 


-1.2 

-2.0 

mA 

Iqc Power Supply Current 

Vcc ~ Max, Rp = 2.2k, All Inputs = OV 



43 

mA 

VcD Input Diode Clamp Voltage 

Vcc ~ Max, T^ — 25 C, l|t^ — “12 mA 


-0.9 

-1.5 

V 

A|o| SEGMENT OUTPUTS 

"ON” Current Ratio 

All Outputs = BOV, 

= Ref. 

Outputs a, f, and g 

0.84 


1.02 


Output c 

1.12 

1.25 

1.38 


Output d 

0.90 

1.00 

1.10 


Output e 

0.99 

1.10 

1.21 


•b ON Output b "ON” Current 

Vcc = 5V, VouTb = BOV, 
All Other Outputs > 5V, 
Ta = 25°C 

Rp = 18.1k 

0.15 

0.20 


mA 

Rp = 7.03k 

0.45 

0.50 

0.55 

mA 

Rp = 3.40k 


1.00 


mA 

Rp = 2.20k 

1.35 



mA 

Vsat Output Saturation Voltage 

Vcc = Min, Rp = 1k±5%, lourb = 2 mA, (Note 5) 


0.8 

2.5 

V 

IcEx Output Leakage Current 

VouT = 75V, Bl = OV, Rp = 2.2k 


0.003 

3 

IJiA 

Vbr Output Breakdown Voltage 

Iqut = 250)uA, Bl = OV, Rp = 2.2k 

80 

110 


V 

tpd Propagation Delays 

BCD Input to Segment Output 

Vcc = 5V, Ta = 25°C 

• 


0.4 

10 

MS 

Bl to Segment Output 


0.4, 

10 

MS 

RBI to Segment .Output 


0.7 

10 

MS 

RBI to RBO 


0.4 

10 

MS 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2 : Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS7880 and across the 0°C to 
+70°C range for the DS8880. All typical values are for T/^ = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All, 
values shown as max or min on absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the, anode driver in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 
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Typical Performance Characteristics 


Output Current Programming 



1 3 10 30 100 

Rplkil) 


On Currents vs Temperature 



-50 0 50 100 


Ta rc) 


Output Characteristic 


— ^ ^ — 
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Ta 

= 25 

C 
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Typical Application 
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DECODER/DRtVEfl 


MEMORY 


COUNTER 


(170 700VOCI 



Truth Table 


DECIMAL 

OR 

FUNCTION 

RBI^ 

D 

c 

B 

A 

BI/RBO 

a 

b 

c 

d 

e 

f 

g 

DISPLAY 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

/“/ 

/_/ 

1 

X 

0 

0 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

/ 

/ 

2 

X 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 


3 

X 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

~l 

4 

X 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

u 

1 

5 

X 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

0 

'-1 

6 

X 

0 

1 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

Fi 

7 

X 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 


~l 

1 

8 

X 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

IZJ 

/_/ 

9 

X 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

o 

_/ 

10 

X 

1 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

n 

1 / 

11 

X 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

/_ 

/_/ 

12 

X 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

/~ 

/_ 

13 

X 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

1 

/_/ 

14 

X 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 

0 

0 

E 

15 

X 

1 

1 

1 

1 

1 

0 

1 

1 

1 ' 

0 

0 

0 

f— 

1 

BP 

X 

X 

X 

X 

X 

0* 

1 

1 

1 

1 

1 

1 

1 


RBI 

0 

0 

0 


0 

0 

1 

.1 

1 

1 

1 

1 

1 



*BI/RBO used as input only '^’X = Don't care 


'ith 


SEGMENT 

IDENTIFICATION 
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DS7880/DS8880 




DS8881 


National 
Semiconductor 

DS8881 Vacuum Fluorescent 

General Description 

The DS888I vacuum fluorescent display driver will 
drive 16-digit grids of a vacuum fluorescent display. 
The decode inputs select one of the sixteen outputs to 
be pulled high. The device contains an oscillator for 
supplying clock signals to the MOS circuit, the filament 
bias zener and 50 k^2 pull-down resistors for each grid. 
Outputs will source up to 7 mA. The DS8881 is designed 
for 9V operation. If the enable input is pulled low, all 
outputs are disabled. 


Display Controllers/ Drivers 
Display Driver 

Features 

■ Oscillator frequency accuracy and stability allows 
maximum system speed 

■ Interdigit blanking with the enable input provides 
ghost-free display operation 

■ 50 kr2 pull-down resistors for each grid 

■ 7V filament bias zener 



Connection Diagram 

Dual-ln-Line Package 


01 02 03 04 05 06 07 08 09 010 011 012 013 014 



Order Number DS8881N 
See NS Package N28A 

Truth Table All outputs not shown high are off (low) 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage (Vss “ V00) 38V 

Input Current 10 mA 

Output Current -20 mA 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Molded Package 2168 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate molded package 17.35 mW/°C above 25° C. 


Operating 

Conditions 

MIN 

MAX 

UNITS 

Supply Voltage 

Vss 

5.0 

9.5 

V 

Vbb 

Gnd 

-26 

V 

Temperature (Ta) 

0 

+70 

°c 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

Logical "1" Input Voltage 

Vss = Max 

Enable 

l||Sl = 260 pA 



5.1 

V 



A, B, C, D 

l||\l = 1400 pA 



1.5 

V 

l|H 

Logical "1" Input Current 

Vss " Max 

Enable A, B, C, D 



260 

pA 

V|L 

Logical "0" Input Voltage 

Vss = Max 

Enable 



1.0 

V 



A, B, C, D 



0.3 

V 

l|L 

Logical "0" Input Current 

Vss = Max 

Enable 

§ 

II 

i 



-1.0 

pA 



A, B, C, D 

lV|N = V|L(MAX) 

25 



/iA 

VOH 

Logical "1 " Output Voltage 

Digit Output, Iqh = “7 mA 

Vss-2.5 



V 

lOH 

Logical "1" Output Current 

Vss ^ Max, Osc. Output, Vrc 0.6 V, Vqh = 

lOV 



50 

pA 

los 

Output Short-Circuit Current 

Vss = Min, Pin R. Vrc = 0.6V, Vr = OV 

-150 


-450 

/iA 

Rout 

Output Pull-Down Resistor 

Vss = Min, Digit Output 

30 

50 

85 

kil 

VoL 

Logical "0" Output Voltage 

Vss “ Min 

Osc. 

Vrc = 1.6V 

Iql ^ 6 mA 



0.5 

V 



Pin R 

Iql = 60 pA 



0.2 

V 



Vss = Max 

Digit Output 

Venable = iv 

Iql = lOjuA 



Vbb+1-4 

V 

•ss 

Supply Current 

Vss = 9-5V 

0 

II 

X 

p 

Venable = 5.iv 


9.0 

12.5 

mA 



Venable = iv 


5.0 

9.0 

mA 

Irb 

Supply Current 

Vss = 9-5V, 
V0B = -26V 

lB = 0, 

l|(\| = 300 juA, 
(Note 4) 

Venable = iv 


-0.8 

-1.5 

mA 



Venable = 6.1V 


-3.0 

-5.0 

mA 

Vb 

Filament Bias Voltage 

1 Ib = 10 mA 

Vbb+6.4 

Vbb+6.9 

VbB+7.4 

V 


Switching Characteristics Ta = 25°C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdO 

Propagation Delay to a Logical "0" 
From Enable Input to Digit Output 

r'l = 4.7 kO, c'l = 50 pF, Vbb = -23V, Vss = 8V 



1 

ps 

tpdO 

Propagation Delay to a Logical "0” 

A, B, C, D to Digit Output 



1 

ps 

tpdl 

Propagation Delay to a Logical "1" 
From Enable Input to Digit Output 



300 

ns 

tpdl 

Propagation Delay to a Logical "1" 
From A, B, C, D to Digit Output 



500 

ns 

tPALL 

Oscillator Output Transition Time 

.From 1 to 0 

Vss = 9.5V, R L = 6k to Vss. Cl = 25 pF 



50 

1 

ns 

^OSC 

Oscillator Frequency 

7V < Vss < 9.5V, Rt = 27 kn,±2%, Rl = 1.3k, 

Ct= 100 pF ±5%, Cl = 50 pF 

320 

360 

400 

kHz 

dc 

Oscillator Duty Cycle 

46 

56 

66 

% 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C for the DS8881. All typicals are given for Vqq = 5V and 
Ta = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Approximately 50% of input current on pins 4, 5, 6, 7 is shunted to V00. If minimum I00 is desired, then I ||\i should be minimized by 
using resistors in series with the inputs. 


5 - 153 * 


DS8881 






INPUT 


0.4V 


OUTPUT 


Vol + 0.2^ 
tON *■ 


DRIVER 

OUTPUT 


DECODE 

INPUT 


DRIVER 
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tp 


Duty Cycle 


Frequency 


(tr = tf = 10 ns from 10% to 90% of input) 
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DS8884A 


I 



National 

Semiconductor 


Display Controllers/Drivers 


DS8884A High Voltage Cathode DecodedDriver 


General Description 

The DS8884A is designed to decode four lines of 
BCD input and drive seven-segment digits of gas- 
filled readout displays. 

All outputs consist of switchable and program- 
mable current sinks which provide constant cur- 
rent to the tube cathodes, even with high tube 
anode supply tolerance. Output currents may be 
varied over the 0.2 to 1.2 mA range for multi- 
plex operation. The output current is adjusted by 
connecting an external program resistor (Rp) 
from Vqc to the program input in accordance 
with the programming curve. Unused outputs 
must be tied to Vcc- 


Features 

■ Usable with AC or DC input coupling 

■ Current sink outputs 

■ High output breakdown voltage 

■ Low input load current 

■ Intended for multiplex operation. 

■ Input pullups increase noise immunity 

■ Comma/d. pt. drive 


Logic and Connection Diagrams 
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Absolute Maximum Ratings (Notei) 


Vcc 7V 

Input Voltage (Note 4) 

Segment Output Voltage 80V 

Power Dissipation 600 mW 

Transient Segment Output Current (Note 5) 50 mA 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25°C 

Molded Package 1714 mW 

*Derate molded package 13.71 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage (Vqc) 
Temperature (T/\) 


MIN 

4.75 

0 


MAX 

5.25 

+70 


UNITS 

V 

°c 


PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

V,H 

Logical “1" Input Voltage 

Vcc " 4.75V 

2.0 


V 

V,L 

.Logical "0" Input Voltage 

Vcc = 4.75V 


1.0 

V 

l|H 

Logical “1" Input Current 

Vcc = 5.25V, V,N =2.4V 


15 

iuA 

l,L 

Logical "0" Input Current 

Vcc = 5.25V, V,N = 0.4V 


-250 

mA 

'cc 

Power Supply Current 

Vcc = 5.25V, Rp = 2.8k, All Inputs = 5V 


40 

mA 

V|i 

Positive Input Clamp Voltage 

Vcc = 4.75V, l,N = 1 mA 

5.0 


V 

V| 

Negative Input Clamp Voltage 

Vcc =5V, l,N =-12mA, Ta 

= 25°C 


-1.5 

V 

^lo 

SEGMENT OUTPUTS 

"ON" Current Ratio 

All Outputs = 50V, Iqut b = 

Ref., All Outputs 

0.9 

1.1 


lb ON 

Output b "ON" Current 


Rp = 18.1k' 

0.15 

0.25 

mA 



Vcc =5V, VouT b = 50V, 

Rp = 7.03k 

0.45 

0.55 

mA 



Ta = 25°C 

Rp = 3.40k 

0.90 

1.10 

mA 




Rp = 2.80k 

1.08 

1.32 

mA 

IcEX 

Output Leakage Current 

VouT = 75V 


5 

UiA 

Vbr 

Output Breakdown Voltage 

Iqut “ 250/iA 

80 


V 

^pd 

Propagation Delay of Any 

Input to Segment Output 

Vcc = 5V, Ta = 25''C 


10 

US 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS8884A. All typical values are for 
Ta = 25°C and Vcc ^ 5V. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This limit can be higher for a current limiting voltage source. 

Note 5: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 


Truth Table 


Typical Application 



Typical Performance Characteristics (see osysso data sheet) 
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DS8884A 




DS8885 



National 

Semiconductor 


Display Controllers/Drivets 


DS8885 MOS to High Voltage Cathode Buffer 


General Description 

The DS8885 interfaces MOS calculator or counter- 
latch-decoder-driver circuits directly to 7-segnnent, 
high-voltage, gas-filled displays. The six inputs A, 
B, D, E, F, G are decoded to drive the 7-segment 
of the tube. 

Each output constitutes a switchable, adjustable 
current source which provides constant current to 
the tube segment, even with high tube anode supply 
tolerance or fluctuation. These current sources have 
a voltage compliance from 3V to at least 80V. Each 
current source is ratioed to the b-output current 
as required for even illumination of all segments. 
Output currents may be varied over the 0.2 to 
1.5 mA range for driving various tube types or 


multiplex operation. The output current is adjusted 
by connecting a program resistor (Rp) from Vcc 
the program input. 

Features 

■ Current source outputs 

■ Adjustable output currents 0.2 to 1 .5 mA 

■ High output breakdown voltage 80V min 

■ Suitable for multiplex operation 

■ Low fan-in and low power 

■ Blanking via program input 

■ Also drives overrange, polarity, decimal poitit 
cathodes 


Connection Diagram 


Truth Tables 


Dual-1 n-Line Package 



Order Number DS8885J or DS8885N 
See NS Package J16A or N16A 
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DISPLAY 

1 

1 

1 

1 

1 

0 

/_/ 

0 

1 

0 

0 

0 

0 

/ 

1 

1 

1 

1 

0 

1 

fP 

1 

1 

1 

0 

0 

1 

J ' 

0 

1 

0 

0 

1 

1 

H 

1 

0 

1 

0 

1 

1 

S 
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Typical Applications 




Open-Drain MOS Output Push-Pull MOS Output 
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Absolute Maximum Ratings (Note d 

Vcc 7V 

Input Voltage 6V 

Segment Output Voltage 80V 

Power Dissipation 600 mW 

Transient Segment Output Current (Note 4) 50 mA 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Mo l(decl Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

*Derate cavity package 10.06 mW/°C above 25° C; derate molded 
package 1 1 .81 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and 3 ) 


Operating Conditions 


Supply Voltage (Vqq) 
Temperature (T/\) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

Vqc = Min 

2.0 



V 

Logical "0" Input Voltage 

Vcc = Min 



0.8 

V 

Logical "1” Input Current 

V,N = 2.4V 

W - ^ 


2 

15 

UA 


Vpp IVlaX 

V,m=5.5V 


4 

400 

mA 

Logical "0" Input Current 

Vcc = Max, V,N = 0.4V 


-300 

-600 

iuA 

Power Supply Current 

Vcc Max, All Inputs = OV, Rp = 2.2k 


22 

31 

mA 

Input Diode Clamp Voltage 

Vcc = 5V, l,N = -12 mA, Ta = 25°C 


-0.9 

-1.5 

V 


SEGMENT OUTPUTS 
lo "ON” Current Ratio 


Output b "ON" Current 


Outputs a, f, and g 
All Outputs = 50V, Output c 
Iqut b = Ref. Output d 

Output e 

Rp = 18.1k 

Vcc = 5V, VouT b - 50V, Rp = 7.03k 

Ta = 25°C Rp = 3.40k 

Rp = 2.20k 

Vcc = Min, iQyj b = 2 mA, Rp = Ik ±5%, (Note 5) 
VouT = 75V, V,N = 0.8V, Rp = Ik 

Iqut = 250M, V,n = 0-8V 

Vrr = 5V, Ta = 25°C 


Vcc = 5V, VouT b - 50V, 
Ta = 25°C 


VsAT Output Saturation Voltage Vcc = Min, iQyj b = 2 mA, Rp = Ik ±5%, (Note 5) 0.8 2.5 V 

IcEx Output Leakage Current ^out ~ 75V, V||\j ~ 0.8V, Rp — Ik 0.003 3 /jA 

VgR Output Breakdown Voltage Iqut 250/jA, V,n = 0.8V 80 110 V 

tpd Propagation Delay of Input Vcc = 5V, Ta = 25°C 10 Ms 

to Segment Output 

Note 1 ; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8885. All typical values are for Ta = 25°C 
and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a. 2. 2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode drive In multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 

Typical Performance Characteristics 

Output Current Programming On Currents vs Temperature Output Characteristic 



I I ON CURRENTS 
ON CURRENT RATIOS 






Ta 
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nilTPHT HM — 






UU 1 r U 1 U If 


C 




1 

— i 



■ Vcc = 5V 
- VouT = 50V 
_Rp=OTEMPCOEFF. 

0,2 mA Iqut 1-5 mA 


Ta{ C) 
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TYPICAL OPERATING POINTS 


0 30 60 90 120 

OUTPUT VOLTAGE (V) 


DS8885 




DS8887, DS78/8889, DS78/8897A 



National 

Semiconductor 


Display Controllers/ Drivers 


DS8887 8-Digit High Voltage Anode Driver 
(Active-High Inputs) 

DS7889/DS8889 8-Segment High Voltage Cathode Driver 
(Active-High Inputs) 

DS7897A/DS8897A 8-Digit High Voltage Anode Driver 
(Active-Low Inputs) 

General Description 


The DS8887 and DS7897A/DS8897A are de- 
signed to drive the individual anodes of a 7-seg- 
ment (cathodes) high-voltage gas discharge panel 
in a time multiplexed fashion. 

When driven with appropriate input signals, the 
driver will switch voltage and impedance levels at 
the anode. This will allow or prevent ionization 
of gas around selected cathode in order to form a 
numeric display. This main application is to inter- 
face with MOS outputs (fully-decoded) and the 
anodes of a gas-discharge panel, since the devices 
can source up to 16 mA at a low impedance and 
can tolerate more than 55V in the ''OFF" state. 


output sink current, which can be adjusted by 
external program resistor, Rp. The program cur- 
rent is half that of output "ON" current. In the 
"OFF" state the outputs can tolerate more than 
80V. The ratio of "ON" output currents is within 
±10%. Inputs have negative clamp diodes. Active 
high input logic. The main application of the 
device is to interface MOS circuits to high-voltage 
displays. Unused outputs should have correspond- 
ing inputs connected to V^^ . 

Features 

■ Versatile circuits for a wide range of display 
applications . 


DS7889/DS8889 is capable of driving 8 segments ■ High breakdown voltages 

of a high-voltage display tube with a constant ■ Low power dissipation 


Connection Diagrams (dual-in-line packages) 


DS8887, DS7897/DS8897 


DS7889/DS8889 


INPUTS 


OUTPUTS 



abed e f g h Vce 



TOP VIEW 


Order Number DS7897AJ, DS8887J, 
DS8897AJ or DS8897AN 
See NS Package J18A or N18A 


Order Number DS7889J, DS8889J 
or DS8889N 

See NS Package J18A or N18A 
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Absolute Maximum Ratings (Noten 

Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage (Vcc - VbiaS^ (Note 2) 


Supply Voltage (Vqc “ ^bi AS) 



DS8887, DS7897A, DS8897A 

-€0V 

DS8887, DS7897A/DS8897A -40 

-60 

V 

Input Voltage 


Temperature (T/\) 



DS8887, DS7897A/DS8897A 

-20V 

DS7889, DS7897A -55 

+125 

°c 

DS7899/DS8889 (Note 3) 

35V 

DS8897' DS8889, DS8897A 0 

+70 

°c 

Output Voltage 





DS8887, DS7897A/DS8897A 

-65V 




DS7889/DS8889 

85V 




Storage Temperature Range 

-65“Cto +150°C 




DS7889/DS8889 Maximum Power Dissipation 

* at 25“ C 




Cavity Package 

1436 mW 




Molded Package 

1563 mW 




DS8887, DS7897A/DS8897A Maximum Power Dissipationl" at 




25“ C 


Derate cavity package 1 1 .49 mW/“C above 25° C; derate molded 

Cavity Package 

1496 mW 

package 12.5 mW/°C above 25° C, 



Molded Package 

1714mW 

I’Derate cavity package 1 1 .97 mW/°C above 25°C; derate molded 

Lead Temperature (Soldering, 10 seconds) 

300“ C 

package 13.71 mW/°C above 25°C. 



Electrical Characteristics 

(Notes 2, 3 and 4) 





w mmmm 


DS8887. DS8897A. DS7897A 


Logical “1" Input Voltage 
Logical "0” Input Voltage 


Logical "1” Input Current 
Logicar"0'' Input Current 


Input Current 


Vqut off Output “OFF” Voltage 

•out off Output "OFF" Current 

Vqut on Output "ON" Voltage 

Iriaq Current 


VouT =-1-4V, louT =-16mA, DS8887 
VouT = -60V, louT = -lOOpA, DS8887 
VouT = -1-4V, louT = -16 mA, DS8897A, DS7897A 


VouT = -60V, louT = -lOOjuA, DS8897A, DS7897A 


v,N ^--i.ov 

DS8887 V,N = -6.0V 

V(N =-12V 

DS7897A, DS8897A. V,n = -12V 


Iqut ~ lOO^tA, i||\j - QfiA 

Vout=- 55V, i,N =0M 

V,N =-2.0V, DS8887 

louT - 16 mA ^ -300/iA, DS8897A, DS7897A 


V,N = -1.0V, DS8887, (Note 5) 
louT - 16 mA, -300/uA, DS8897A, DS7897A 

Vbias=-60V 

(One Driver Only) 






Input Current 

Logical "0" Input Current 


Logical "1" Input Current 


Input Clamp Voltage 


Output Breakdown Voltage 
Output Leakage Current 


Prog, Input Voltage 


Logical "0" Output Current 


V,N =6.0V 

•out ~ 5.0/iA, Vqut ~ ^6V 


Iqut ~ 1'4 mA, l|p — 850/j A, Vq jjy — BOV 
lif\j ~ 1.0mA,T^ — 25 C 
•out “ lOO/c/A, l|(vj = OatA 


I IP = SBOmA 



VouT = 75V, -0.1 mA < l|N < I.OijA 
I IP = IBO/iA 


VnuT = 50V, 

' l,p=400AiA 
80mA<I,n<I|p 


liP = ISOM 
I IP — 400a^A 
I IP = 850^^ A 




Output Current Ratio 
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DS8887, DS78/8889, DS78/8897A 






































DS8887, DS78/8889, DS78/8897A 


Switching Characteristics Ta = 25°C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 



DS8887 

toN Propagation Delay from Input 

to Output "ON" 

(See ac Test Circuit and Switching Time 
Waveforms) 



5.0 

/is 

tpisE Propagation Delay from Input 
to Output "ON" 

(See ac Test Circuit and Switching Time 
Waveforms) 


i 

1.0 

/is 

^DS7889/DS8889 

tpdo Propagation Delay to a Logical 

"0" from Input to Output 

*Rp =6.0kTo 6.0V, Rout = 10k to 6.0V 


37 


ns 

tpdi Propagation Delay to a Logical 

"1" from Input to Output 

Input Ramp Rate < 15 ns, Freq = 1.0 MHz 
dc = 50%, Amplitude = 6.0V 


92 


ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All voltage shown for DS8887, DS7897A/DS8897A W.R.T. Vqq = OV. All currents into device pins shown as positive, out of device 
pins as negative. All values shown as max or min on absolute basis. 

Note 3: All voltages for DS7889/DS8889 with respect to = OV. 

Note 4: Unless otherwise specified min/max limits apply across the -55° C to +1 25° C temperature range for the DS7889 and DS7897A, and across 
the 0°C to +70° C range for the DS8887, DS8889 and DS8897A. All typicals are given for Ta = 25° C. 

Note 5: Supply currents specified for any one input = -1 .OV. All other inputs = -5.5V and selected output having 16 mA load. 


Typical Application 



Typical Performance 
Characteristics 



-12 -10 -8.0 -6.0 -4.0 -2.0 0 


V,N (V) 


Note 1; All outputs of both cathode aod anode driver have loads as shown for output a and digit 1. 
Note 2: Use DS8887 for active-high inputs and DS8897 for active-low inputs. 


AC Test Circuit and Switching Time Waveforms 
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DS8887, DS78/8889, DS78/8897A 





DS8891A 


zn National 
Jal Semiconductor 


Display Controllers/ Drivers 


DS8891A High Voltage Anode Drivers 
(Active-Low inputs) 


General Description 


The DS8891A is a 6 digit anode driver intended for 
use with seven segment, common anode, high voltage, 
gas discharge display panels operating in a multiplexed 
mode. The driver switches voltage and impedance levels 
at the display's anode allowing or preventing ionization 
of gas around selected cathodes, forming a numeric dis- 
play. The device acts as a buffer between MOS outputs 
(fully decoded) and the anodes of a gas-discharge panel. 


and it can source up to 16 mA at a low impedance and 
can withstand more than 55V In the off state. 

Features 

■ High breakdown voltage 

■ Low power dissipation 

■ Easy interface to clock and calculator circuits 


Schematic and Connection Diagrams 


TYPICAL DRIVER SHOWN 



Duai-ln-Line Package 

Vcc INI IN 2 IN 3 IN 4 INS INS 



OUTl OUT 2 OUTS OUT 4 OUTS OUTS Vq, 


Typicai Appiication 


Ps ^ 

I ?l 

M|^ 


Order Number DS8891AJ 
or DS8891AN 

See NS Package J14A or N14A 
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Absolute Maximum Ratings (Noteii Operating Conditions 


Supply Voltage (Vcc “ ^bIAS) 

Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation* at 25° C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 


-60V 

-20V 

-65V 

-65°Cto+150°C 

1433 mW 
1398 mW 
300° C 


^Derate cavity package 9.55 mW/°C above 25°C; derate molded 
package 1 1 .18 mW/°C above 25° C. 



MIN 

MAX 

UNITS 

Supply Voltage, S/qC “ ^biaS 

-A5 

-55 

V 

Temperature, T/^ 

0 

+70 

°c 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|N 

Input Current 

Vbias = IVlin, V,N =-12V 

-0.6 


-1.5 

mA 

l|H 

Logical "1" Input Current 

Vbias = IVIin. VoL =-2.0V 

-300 



/iA 

l|L 

Logical "0" Input Current 

^BiAS “ Vq(jt“~60V, Iout“~100mA 



-10 

liA 

•oh 

Logical "1" Output Current 

^BiAS “ IVlax, l|N = 0/tA, Vqh ~ “55V 



-5 


VoL 

Logical "0” Output Voltage 

Iql ““16mA, l|H = ""SOOjliA 



-2.0 

V 

VbD 

Output Breakdown Voltage 

^bias “ •^^x, I|n=0aA, Iout“~100a*A 

-60 



V 

•bias 

Supply Current (Substrate) 

Vbias “ IjH “ 300/iA, Iql ~ 1® mA, 

(One Driver Only) 



-1.0 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8891 A. 

Note 3. All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to Vqq = OV, unless other- 
wise noted. All values shown as max or min on absolute value basis. 
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DS8891A 



DS8973, DS8975 


^ National 
a!£ Semiconductor 


Display Controllers/ Drivers 


DS8973, DS8975 9-Digit LED Drivers 


General Description 


The DS8973 is a 9*digit driver designed to operate from 
3:cell battery supplies. Each driver will sink 100 mA 
to less than 0.7V when driven by only 0.1 mA. Each 
input is blocked by diodes so that the input can be 
driven below ground with virtually no current drain. 
This is especially Important in calculator systems em- 
ploying a dc-to-dc converter on the negative side of the 
battery. If the converter were on the positive side of 
the battery, the converter would have to handle all 
of the display current, as well as the MOS calculator 
chip current. But if it is on the negative side, it only 


has to handle the MOS current. The DS8973 Is designed 
for the more efficient operating mode. The DS8975 
is Identical to the DS8973 but does not specify the 
low battery indicator. 

Features 

■ Nine complete digit drivers 

■ Built-in low battery indicator 

■ High current outputs— 100 mA 

■ Straight through pin out for easy board layout 


Equivalent Circuit Diagrams 


Typical Driver Circuit 
Vcci 



Typical D.P. Out Circuit 



Connection Diagrams 


Dual-1 n-Line Package 


Vcci Vfl 9 8 7 6 5 4 3 2 1 


22 21 20 


118 17 16 15 14 13 12 


|1 |2 |3 |4 |5 |6 |7 |8 p |10 |11 

LOW 9 8 7 6 5 4 3 2 1 GND 

VOLT ^ ■' y ' 

IND 'NPUTS 


Order Number DS8973N or DS8975N 
See NS Package N22A 
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Absolute Maximum Ratings (Noteu Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

10V 

Supply Voltage (Vq) 

3.0 

5.5 

V 

Input Voltage 

10V 

Supply Voltage (Vqqi) 

3.0 

9.5 

V 

Output Voltage 

Storage Temperature Range 

Maximum Power Dissipation* at 25° C 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

10V 

-65° C to +150°C 

1673 mW 

300° C 

Temperature (T/^) 

0 

+70 

°c 


^Derate molded package 13.39 mW/°C above 25° C. 


Electrical Characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

Logical "1" Input Voltage 

Vcc = Max 

3.9 



V 

l|H 

Logical " 1 " Input Current 

VcC “ Max, V|H = 3.9V 

0.1 


0.3 

mA 

V|L 

Logical "0" Input Voltage 

Vcc = Max 



0.5 

V 

l|L 

Logical “0" Input Current 

Vcc = Max, V|L = 0.5V 



40 

ma 

vbh 

High Battery Threshold 

VoT (Pin 1) = IV, Iot<"50mA, 

Ta = 25°C, V|H (Pin 2) = 3.9V 

DS8973 

Q 

■ 

■ 

V 

vbl 

Low Battery Threshold 

VoT (Pin 1 ) = 2.1 V, Iqt > "6 mA, 

Ta = 25°C, V|H (Pin 2) = 3.9V 

DS8973 

■ 

■ 

3.2 

V 

ICEX 

Logical "1" Output Current 

Vcc ~ Min, Vqh ~ 9-5V, Vil = 0.5V 



50 

ma 

VOL 

Logical "0" Output Voltage 

Vcc ~ Min, Iql ~ ^00 mA, V|h = 3.9V 



0.7 

V 

icci 

Supply Current 

Vcc ~ Max, One Input "ON" 



6 

mA 

•b 

Pin 21 (High Battery Supply) 

Vcc ~ Max, Vb = Max 



1.2 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range. All typicals are given for T/^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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DS8973, DS8975 








DS897% DS8975 


Typical Applications 



ALARM 

INDICATOR 


FIGURE 1. 6V Programmable Statistical Calculator 



FIGURE 2. Complete Calculator Schematic For 3-Cell System 
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Driving 7-Segment Gas Discharge 

Display Tubes with 

National Semiconductor Circuits 



INTRODUCTION 

Circuitry for driving high voltage cold cathode 
gas discharge 7-segment displays, such as Sperry 
Information Displays* and Burroughs Panaplex II, 
is greatly simplified by a complete line of mono- 
lithic integrated circuits from National Semicon- 
ductor. These products also make possible reduced 
cost of system implementation. They are: DS8880 
high voltage cathode decoder/driver; DS8884A 
high voltage cathode decoder/driver; DS8885 
MOS to high voltage cathode buffer; DS8889 
low power cathode driver; DS8887 8-digit anode 
driver; DS8980, DS8981 latch/decoder/cathode 
drivers. 

In addition to satisfying all the displays' parameter 
requirements, including high output breakdown 
voltage, these circuits have capability of pro- 
gramming segment current, and providing constant 
current sinking for the display segments. This 
feature alleviates the problem of achieving uni- 
formity of brightness with unregulated display 
anode voltage. The National circuits can drive 
the displays directly. 

Sperry Information Displays* and Burroughs Pan- 
aplex 11 are used principally in calculators and 
digital instruments. These 7-segment, multi-digit 
displays form characters by passing controlled 
currents through the appropriate anode/segment 
combinations. The cathode in any digit will glow 
when a voltage greater than the ionization voltage 
is applied between it (the cathode) and the anode 
for that digit. In the multiplexed mode of opera- 
tion, a digit position is selected by driving the 
anode for that digit with a positive voltage pulse. 
At the same time, the selected cathode segments 
are driven with a negative current pulse. This 
causes the potential between the anode and the 
selected cathodes to exceed the ionization level, 
causing a visible glow discharge. 

Generally, these displays exhibit the following 
characteristics: low "on" current per segment— 
from 200/iA (in DC mode) to 1.2 mA (in multiplex 
mode); high tube anode supply voltage— 180V to 
200V; and moderate ionization voltage— 170V. 
Once the element fires, operating voltage drops 
to approximately 150V and light output becomes 
a direct function of current, which is controlled 
by current limiting or current regulating cathode 
circuits. Current regulation therefore is most 
desirable since brightness will then be constant 
for large anode voltage changes. Tube anode to 
cathode "off" voltage is approximately 100V; 
and maximum "off" cathode leakage is SfiA to 

*Now called Beckman Displays 


Correspondingly, specifications for the cathode 
driver must be complimentary, approximately as 
follows: A high "off" output breakdown voltage 
80V minimum; typical "on" output voltage of 
50V; maximum "on" output current of 1.5 mA 
per segment; and maximum "off" leakage current 
of 3 mA to bfJiA. 

To allow operation without anode voltage regu- 
lation, the cathode driver must be able to sink a 
constant current in each output, with the output 


(a) Cathode Driver Output Characteristic 



OUTPUT VOLTAGE (V) 


(b) On Currents vs Temperature 



0 10 20 30 40 50 60 70 

Ta rc) 

FIGURE 1. 


"on" voltage ranging from 5V to 50V (see Figure 
1). The following is a brief description of the 
circuits now offered by National: 

DS8880 High Voltage Cathode 
Decoder/Driver 

The DS8880 offers 7-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs; and programmable 
output current from 0.2 mA to 1.5 mA. 
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Appiicaliion 

The circuit has a built-in BCD decoder and can 
interface directly to Sperry and Panaplex 11 
displays, minimizing external components (Figure 
2). The inputs can be driven by TTL or MOS 
outputs ditectly. It is optimized for use in systems 
with 5V supplies. 


1*170 - 200 VOC) 



FIGURE 2. DC Operation From TTL 


The DS8880 decoder/driver provides for uncondi- 
tional as well as leading and trailing zero blanking. 
It utilizes negative input voltage clamp diodes. 
Typically, output current varies only 1% for 
output voltage changes of 3V to 50V. Operating 
power supply voltage is 5V. The device can be 
used for multiplexed or DC operation. 

Available in 16-pin cavity DIP packages, the 
DS7880 is guaranteed over the full military 
operating temperature range of -BB^'C to +125''C; 
the DS8880 in molded DIP over the industrial 
range of 0°C to +70°C. 

DS8980, DS8981 

The DS8980, DS8981 offer 7-segment and decimal 
point outputs with high output breakdown voltage 
of 80V minimum, constant current, programmable 
from 0.1 mA to 4.0 mA and Independent of the 
Vcc voltage, latched BCD inputs and decimal 
point input. 

Application 

The circuits have similar applications as DS8880. 
The devices will operate with a power supply 


range of from 4.75V to 15.0V. The input fall- 
through latches are enabled by a high logic level 
at the enable Input for the DS8980, and by a 
low logic level for the DS8981 . 

Available in 18-pin molded dual-in-line packages, 
and guaranteed over the commercial range of 
0‘'Cto+70°C. 

DS8884A High Voltage Cathode Decoder/Driver 

The DS8884A offers 9-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs, programmable from 
0.2 mA to 1.2 mA. It also offers input negative 
and positive voltage clamp diodes for DC restoring, 
and low input load current of -0.25 mA maximum. 

Application 

DS8884A decodes four lines of BCD input and 
drives 7-segment digits of gas-filled displays. There 
are two separate inputs and two additional outputs 
for direct control of decimal point and comma 
cathodes. The inputs can be DC coupled to TTL 
(Figure 3) or MOS outputs (Figure 4), or AC- 
coupled to TTL or MOS outputs (Figure 5) using 
only a capacitor. This means the device is useful 
in applications where level shifting is required. It 
can be used in multiplexed operation, and is 
available in an 18-pin molded DIP package. 

Other advantages of the DS8884A are: typical 
output current variation of 1% for output voltage 
changes of 3V to BOV; and operating power supply 


*5V ♦200V 



FIGURE 3. Interfacing Directly With TTL Output 




FIGURE 4. BCD Data Interfacing Directly With MOS Output 












-U5V 



-m 


NOTE: Capacitive coupling between the logic and the segment drivers may be used only when 
the segment drivers are turned "OFF" during digit-to-digit transitions. 

FIGURE 5. Cathode BCD Data AC Coupled 
From MOS Output 

voltage of 5V. Inputs have pull-up resistors to 
increase noise immunity in AC coupled applications. 

The DS8884A is guaranteed over the 0°C to 
+70°C operating temperature range. 

DS8885 MOS to High Voltage Cathode Buffer 

The DS8885 features seven constant current-sink 
outputs; programmable output current of 0.2 mA 
to 1.5 mA; high output breakdown voltage of 80V 
minimum; and capability for blanking through 
program current input. It operates from a +5V 
supply. 

Application 

DS8885 is best suited for interfacing 7-segment 
fully decoded MOS chips to digit displays. It is 
also useful for driving polarity, overrange, and 
decimal point segments. 

DS8885 has 6 inputs and 7 outputs. Output c is 
decoded internally; the other 6 outputs are directly 
controlled by the 6 corresponding inputs. A typical 
application of this device is interfacing between an 
MOS calculator chip with 7-segment decoded 
outputs (open-drain or push-pull) and Sperry/ 
Panaplex tl displays (Figure 6). 


When the DS8885 is used to drive minus and 
plus (polarity) cathodes, overrange, and decimal 
points, output c should be tied to Vec so it does 
not saturate (Figure 7). This leaves 6 inputs and 
6 outputs related one-to-one. The inputs can be 
driven directly from TTL or MOS outputs. 

<5V 



(FOR MOS) 

'Output may be paralleled for cathodes ret)iiiring more current, providing the 
corresponding inputs are also paralleled. 

FIGURE 7. Polarity, Overrange, Decimal Point Driving 

.The DS8885 is available in 16-pin molded DIP 
package, and is guaranteed over the operating 
temperature range of 0°C to -t-70°C. 

DS8889 Low Power Cathode Driver 

The DS8889 requires no power supply since 
power is derived from program current. It offers 
extremely low standby power— only 1 mW inter- 
nally. Features include programmable output cur- 
rents 0.3 mA to 1.7 mA; 8 constant current-sink 
outputs; and input negative voltage clamp diodes 
for DC restoring. Outputs have 80V minimum 
breakdown voltage. 

The device is suitable for multiplexed operation 
from fully decoded chips and is capable of driving 
decimal point segments simultaneously with nu- 
meric segments. 

Application 

The DS8889 has 8 inputs and 8 outputs, and 
interfaces directly between 7 segment decoded 
MOS outputs and numeric display tubes (Figures 
8 and 9). It is optimized for use in systems with a 
limited number of power supplies. 



FIGURE 6. Fully Decoded MOS Cathode Outputs 



5-171 


AN-84 





The program input is characterized in terms of 
input current, therefore any supply (greater than 
5V) can provide proper operation by connecting a 
single resistor to the program pin from the supply. 

The DS8889, guaranteed for the 0°C to +70°C 
operating temperature range, is offered in the 18- 
pin molded DIP. 

DS8887 8-Digit Anode Driver 

The DS8887 interfaces directly to MOS chips 
and operates from a -40V to -80V power supply. 


The DS8887 can operate virtually any multiplex 
display system requiring more output performance 
from the MOS chip than is available (Figures 4, 6, 
8 and 9). It has low input current and voltage 
swing requirements but can drive up to 16 mA, 
and exhibits -55V minimum output breakdown 
voltage. 


The DS8887 is available in the 18-pin molded 
DIP package; and is guaranteed over the operating 
temperature range of 0°C to +70°C. 



NOTE; Capacitive coupling between the logic and the segment drivers may be used only when 
the segment drivers are turned "OFF" during digit-to-digit transitions. 


FIGURE 8. Decoded Cathode Data AC Coupled From MOS Output 





FIGURE 9. Decoded Cathode Data Direct Coupled From MOS Output 
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Driving 7-Segment 
LED Displays with 
National Semiconductor 
Circuits 


National Semiconductor 
Application Note 99 
Charles Carinalli 
May 1974 



INTRODUCTION 

There are many different information display 
technologies available today, including liquid 
crystals, gas-discharge tubes, fluorescent tubes, 
incandescent lamps, and light emitting diodes 
(LEDs). Each technology has its own particular 
drive requirement. This note will focus on 7- 
segment LED display drive requirements and 
demonstrate that National Semiconductor has 
a full line of display drivers that meet the 
requirements for most any 7-segment LED drive 
application. 

WHY ARE LED DRIVERS NEEDED? 

The purpose of 7-segment LED drivers is to act 
as an interface element between data input and 
the display. This interface is necessary when either 
the input data format or circuitry current capabil- 
ities do not allow direct connection between input 
and display. To satisfy these needs, NationaLs 
7-segment LED drivers are divided into two basic 
categories. 

1. Internally decoded (BCD to 7-segment) 
DM5446A/DM7446A 
DM5447A/DM7447A 
DM5448/DM7448 
DM7856/DM8856 
DM8857 

DM7858/DM8858 


COMMON CATHODE 

SEPARATE 

ANODES 

(SEGMENT 

ENABLE) SOURCE 



2. Non-decoding, direct drive (MOS to 7-segment) 
DM75491 DM8864 

DM75492 DM8865 

DM8861 DM8866 

DM8863 

Thus, National has circuits that will drive 7-segment 
LEDs from either fully decoded circuits or from 
non-decoded outputs. 

CONFIGURATIONS AND CONSTRUCTION OF 
7-SEGMENT LEDs 

LEDs are segregated into two groupings with 
regard to construction, see Figure 1. 

Common anode displays are constructed on a 
common substrate which forms the anode of the 
diodes, while each of the seven cathodes are 
bonded out to separate pins. The second type, 
common cathode, has the cathode fabricated on 
a common substrate with the anodes bonded out 
to individual pins. Due to these radically different 
configurations, drive circuits are usually tailored 
in their design for one or the other type. Tailoring 
In this respect means either sinking current (active 
low) or sourcing current (active high) when ref- 
erenced to segment drive. In addition, drive 
requirements are quite variable because of LED 
light Intensity requirements as well as digit size 


COMMON ANOOE 


COMMON ANOOE 



(SEGMENT 

ENABLE) 


FIGURE 1. 7-Segment LED Construction 
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COMMON SEGMENT 
LINES 



FIGURE 2. Multi-Digit 7*Segment LED 



FIGURE 3. A Typical Multiplexing Scheme 


and efficiency. Thus the system designer needs a 
degree of latitude not only with respect to the 
type of display used but also the drive current 
available. 

7-segment LEDs can be purchased in either single 
or multi-digit display packages. Single digit displays 
have individual segment and common pins while 
multi-digits have paralleled segment pins and 
separate digit pins equal to the number of digits 
in the package, see Figure 2. 

Multi-digit displays, due to their configuration, 
must be driven in a multiplex mode of drive, where 
segment drivers are time shared by all the digits. 
This is contrasted to the single digit displays which 


may be driven in either the multiplex or the non- 
multiplex (direct drive) mode. The nonmultiplex 
mode uses separate segment drivers for each digit 
of the display. Multiplex operation has a decided 
cost saving advantage over nonmultiplex operation 
especially when the number of digits being driven 
is large. 

MODES OF 7-SEGMENT LED DRIVE 

In the multiplex mode of drive the LED digits 
in a multi-digit format are driven by a single set 
of segment drivers while each digit is selected by 
its own digit driver. Figure 3 shows the circuitry 
needed to implement a typical six digit multi- 
plexed display. 
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Each digit is selected individually by enabling its 
digit driver whose control is determined by a 
counter or equivalent circuitry operating at some 
clock frequency. Strobed data, by way of the 
counter and multiplex circuitry, is then displayed 
on the selected digit by the single set of segment 
drivers. If the strobe rate is high enough, from 
about 250 to 1,000 Hz depending on external 
conditions, the display will appear flicker free to 
the human eye. The BCD-to-7-segment decoder 
converts BCD data to the desired 7-segment output 
format. 

In the multiplex mode each digit has a reduced 
duty cycle and is operated at somewhat higher 
than average or typical dc operating current levels. 
The amount of current will be a function of the 
number of digits, duty cycle, and the type 
and efficiency of the display used. Since currents 
are higher than average so also will be the LED 
brightness due to the nearly linear brightness 
versus current curve for most LEDs. The human 
eye will detect the brightness peaks and through a 
partially integrating and peak detecting action will 
perceive a higher display brightness at some average 
current level in the multiplex mode than the same 
average current in the nqnmultiplex (direct drive) 
mode. The result is that a multiplexed display will 
operate at a lower total power than the same 
display operated in the nonmultiplex mode with 
the same apparent brightness. 

In the nonmultiplex mode of 7-segment LED drive 
each digit has its own set of segment drivers 
thereby dropping the digit driver select require- 
ment of multiplexed operation. In this case, the 
common digit pin may be tied to the highest 
potential if common anode or the lowest if 
common cathode. It is evident that In a non- 
multiplexed display the driver package count 
would be high since each digit requires its own 
set of segment and possibly decoder drivers. 
If a large number of digits are used the segment 
driver package count would equal the number of 
digits while in the multiplex mode this count 
is equal to one. Granted, in the multiplex mode 
additional control circuitry is required. Considera- 
tion of the relative cost of this circuitry in 
comparison to the segment decoder driver circuitry 
in the nonmultiplex mode results, in general, in 
the fact that if the number of digits in the display 
equals or is more than four, total package count 
and/or cost is less in the multiplex mode of drive. 

In most MOS circuits multiplex operation Is ideal 
since the counter, multiplexer, and BCD to 7- 
segment decoders or equivalent circuitry can 
usually be incorporated on the same chip along 
with calculator, clock or other function. In this 
case the only external interface components 
required would be the digit and segment drivers 
since MOS circuits are generally unable to sink 
or source the higher current required for most 
multiplex operations. 


In summary, LED driver requirements for multi- 
plex or nonmultiplex drive operation require 
either segment, digit or BCD to 7-segment drivers. 
Analysis of the particular system needs with 
regard to the number of digits and relative circuit 
costs should be the determining factor for multi- 
plex or nonmultiplex operation. Circuit require- 
ments for multiplex operation will in general 
require relatively high current capabilities. 


NATIONAL'S 7-SEGIVIENT LED DRIVERS 

Table I lists the 7-segment LED drivers available 
from National. Each circuits application is divided 
into groupings with respect to common anode or 
cathode, digit or segment, multiplex or nonmulti- 
plex areas. Additionally, current capabilities are 
also specified for each product. 

From the table it Is evident that some of the 
circuits may be used in dual roles — both multiplex 
or nonmultiplex; common cathode or anode. In 
general, what will determine whether one drivers 
application is' multiplex or nonmultiplex is that 
drivers current capability. The direction of current 
flow through the driver (source or sink) is the 
determining factor In dual application with regard 
to common anode or cathode. 

Table li lists the operating temperature range and 
package types for the 7-segment LED drivers. 

In the following sections each circuit is described 
in greater detail and typical applications are 
given. 

BCD TO 7-SEGMENT DECODER DRIVERS 

DM5446A/DM7446A, DM5447A/DM7447A, 
DM5448/DM7448 

This family of BCD to 7-segment decoder drivers 
was designed for the most general possible dis- 
play drive applications including display techno- 
logies other than LEDs. The difference between 
the circuits is in their output stage configurations. 
These differences will be discussed separately later. 

The circuits convert the standard 4-bit BCD input 
to the popular 7-segment output format. All 
input BCD codes above 9 are decoded into unique 
patterns that verify operation. The circuits are 
TTL-DTL compatible and operate off of a single 
5.0V supply. 


Added features included in all circuits are a ripple 
blanking input pin as well as a lamp test pin for 
display turn on. In addition the blanking input/ 
ripple blanking output pin may be used to modu- 
late display intensity. 
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COMMON ANODE 


Multiplex Nonmultiplex 



DIGIT SEGMENT INTERNAL CURRENT CAPABI LITY 

DRIVER DRIVER DECODING AND FEATURES 


Up to 40 mA Sink, Open Collector 
High Breakdown (30/1 5V) 

TTL Input Compatibility 


1,3 mA Source, Adjustable 
Externally, TTL Input 
Compatibility 

6.0 mA Typical Source, TTL 
Input Compatibility 

50 mA Typical Source, Exter- 
nally Adjustable, TTL Input 
Compatibility 

Adjustable Source Current 0 to 
50 mA, TTL Input Compatibility 
patibility 

50 mA Source/Sink, 4 Drivers 
per Package, MOS Input Com- 
patibility 

250 mA Sink, 6 Drivers per 
Package, MOS Input Compatibility 

50 mA Source/Sink, 5 Drivers per 
Package, MOS Input Compatibility 

500 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

50 mA Sink, 9 Drivers per Package, 
MOS Input Compatibility 

50 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

50 mA Sink, 7 Drivers per Package, 
MOS Input Compatibility 


e of an external transistor/segment. 


TABLE II. Operating Temperature Range and Package Type 
































Vcc Vcc 




FIGURE 4a. Output Stage 


FIGURE 4b. Output Stage 


Vcc 



BCD 

INPUTS 


THE FOLLOWING CCUATION MAY BE USED TO DETERMINE THE APPROPRIATE VALUE OF 
Rx (SEGMENT CURRENT LIMIT RESISTOR) FOR SOME LED CURRENT/SEGMENT U (mA). 

Vcc - 0.3 - Vled ls> . 

"x “ i; 

(Is < 40 mA) 

WHERE Vleo Is) IS THE DIODE (LED) VOLTAGE DROP AT OPERATING CURRENT Is. 
EXAMPLE; 

Is = 20 mA 
VitD I® Is) = 3 4V* 

Vcc = 5.0V 
Rx = 651! 


*MAN I OR EQUIVALENT 


FIGURE 5. Nonmultiplex Application of the DM7447A 


DM5446A/DIVI7446A, DM5447A/DM7447A 

These circuits feature active-low, open collector 
high current outputs (Figure 4a). Each output is 
capable of sinking up to 40 mA at a maximum 
internal drop of 0.4y. This high current capability 
makes these circuits particularly well suited for 
driving the large MAN-1 or equivalent type displays 
directly. The circuits, are also applicable, with or 
without the use of external current limit resistors, 
to driving lower current displays in the multiplex 
mode of drive. 

The DM5446A and DM7446A outputs are capable 
of withstanding 30V at a maximum leakage of 
250/iA over temperature. The DM5447A and 
DM7447 A have a 15V output capability at a 
maximum leakage over temperature of 250iLiA. 
This standoff voltage ability makes the circuits 
applicable for direct drive to indicator lamp type 
displays. Figure 5 shows a typical application of 
the circuits with LEDs. 


Refer to Table II for the operating temperature 
range and package types for the DM5446A/ 
DM7446A and DM5447 A/DM7447 A. 

DM5448/DM7448 

The DM5448/DM7448 has active high passive 
pull-up outputs (Figure 4b) with a TTL fanout of 
4. The typical output source current is 2.0 mA at 
an output voltage of 0.85V. Each output is 
capable of sinking 6.4 mA with a maximum 
internal drop of 0.4V. Since the output current 
level is low the circuit can be used to drive low 
current comrhon cathode displays operating in the 
nonmultiplex mode. 

The major application of the DM5448/DM7448 
is to drive logic circuits, operate high-voltage 
loads such as electroluminescent displays through 
buffer transistors or SCR switches, or high-current 
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+5.0V 



Rx MAY BE CALCULATED USING THE FOLLOWING EQUATION 
- . 50 -V,ed .„_ 3.3 (VLED-1.7V@50mA| 

Is -1.6 ls-l.e [r, > 650U 1 


Rx = PULL UP RESISTOR VALUE 
Is = CURRENT PER SEGMENT IN mA 


EXA.MPLE: 

Is = 5 0 mA 
Rx = 970SI 


FIGURE 6. Nonmultiplex Application of the DM7448 


loads through buffer transistors. Figure 6 shows 
the DIV17448 in a low current direct drive LED 
application. 

‘The operating temperature range and package 
types for the DI\/I5448/D1VI7448 are given in 
Table II. 

BCD TO 7-SEGMENT LED DRIVERS 
DM7856/DM8856, DM8857, DM7858/DM8858 

This series of three circuits was designed to pro- 
vide a wide range of current capabilities in driving 
common cathode 7-segment LEDs operating in the 
multiplex or nonmultiplex mode. The circuits, 
discussed individually below, have output stages 
with varying source current capability designed 
for specific as well as general applications. 

All circuits accept 4-bit BCD and decode this input 
to the desired 7-segment output format for direct 
drive to LEDs. In addition, the circuits feature a 
lamp test pin for display turn-on check, ripple 
blanking-input pin and blanking input/ripple 
blanking output pin which may be used to 
modulate display intensity. 

The three circuits are TTL-DTL compatible and 
provide full decoding of the 16 possible input 
combinations. All parts operate off of a single 
5.0V supply. 

DM7856/DM8856 

The DM7856/DM8856 output stages, passive- 
pullup (active high. Figure 4b), provide a typical 


source current of 6.0 mA at an output voltage of 
1.7V. This current level was designed for directly 
driving, without the use of external current limit 
resistors, the MAN-4 or equivalent type displays in 
the nonmultiplex mode of operation. 

Each output has a fan-out of 4 and Is capable of 
sinking 6.4 mA with a maximum internal drop of 
0.4V making the circuit suitable for use with logic 
circuits. With the use of an external buffer tran- 
sistor per output the circuit may be used to drive 
high current common anode LED displays as well 
as high voltage electroluminescent displays. Figure 
7 shows a typical application of the DM8856. 


BCD 

INPUTS 



FIGURE 7. Nonmultipiex Application of the DM8856 
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Operating temperature range and package types 
for the DM 7 8 56/ DM 88 56 are given in Table II. 

DM8857 

The output stages of the DM8857, active pull-up 
(active-high, Figure 4c), source a typical current 



FIGURE 4c. Output Stage 


of 50 mA at an output voltage of 2.3V. The 
circuit was designed to be used with MAN-4 or 
equivalent type displays operating in the multiplex 
mode of drive. With this high current capability 
the circuit can drive up to 16 such digits. 

The applications of this circuit obviously are not 
limited to just the MAN-4 type of display. Common 
cathode displays with high dc current require- 
ments or lower multiplex current levels may be 
driven by this circuit with the use of an external 
current limit resistor per segment. Atypical appli- 
cation of the DM8857 is given in Figure 8. 


Table II gives the operating temperature range and 
package type for the DM8857. 

DM7858/DM8858 

The DM7858/DM8858 output stages are active 
pull-up (active-high. Figure 4d) like those of the 



FIGURE 4d. Output Stage 


DM8857. The output stages are exactly the same 
as the DM8857 except that the internal current 
limit resistor per output has been removed. 
External current limit resistors must then be used. 
This allows the circuit to be customized for a 
particular common cathode multiplex or non- 
multiplex application. Each output stage, through 
its own external resistor, can be programmed to 
some current from 50 mA down to 0 mA. Care 
must be taken in not shorting the outputs to 
ground because of the excessive current flow that 
would result from the Darlington upper stage. See 
Figure 9 for a typical application of the DM8858. 


BCD 

INPUTS 



CURVE FOR THE DM8857 AND USE THE EQUATION GIVEN IN FIGURE 9 TO CALCULATE 
THE RESISTOR VALUE. 


DM8857 Output Current 
vs Voltage 



1.5 2.0 2.5 3.0 3.5 4.0 

VouT (V) 


FIGURE 8. DM8857 Typical Multiplexing Scheme 
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Maximum output source current per segment for 
the DM7858/DM8858 is 50 mA, Operating tem- 
perature range and package types are given in 
Table II. 

Special care must be taken in the use of the 
DM7858 ceramic and the DM8858 plastic DIP'S 
with regard to not exceeding the maximum operat- 
ing junction temperature of the devices. The maxi- 
mum junction temperature of the DM7858J is 
150°C and must be derated based on a thermal 
resistance of 80° C/Watt, junction to ambient. The 
maximum junction temperature for the DM8858N 
is 150°C and must be derated based on a thermal 
resistance of 140° C/Watt, junction to ambient. 


DM75491, DM8861 MOS TO LED SEGMENT 
DRIVERS 

The DM75491 and DM8861 were designed for 
MOS calculator applications. Both circuits feature 


BCD 

INPUTS 



low input current, 3.3 mA maximum at 10V 
input, making them suitable for direct '^drive from 
MOS circuits. The circuits are used to drive the 
paralleled segments in multi-digit displays. Since 
both circuits feature accessable collectors and 
emitters they may be used as either common 
cathode or anode segment drivers. They feature a 
source or sink current capability of up to 50 mA 
with a maximum collector to emitter drop of 
1.5V over the operating temperature range. In 
addition, each output is specified to have a maxi- 
mum leakage of lOOjuA at an output voltage of 
10V over temperature. Both circuits operate from 
a single supply that can have a maximum voltage 
of 10V. 

DM75491 FOUR SEGMENT DRIVER 

The DM75491 is a four segment driver whose main 
application is with multi-digit LEDs operating in 
the multiplex mode of drive. Each package con- 
tains four separate segment drivers, each driver 


DM8858 Output Current 
vs Voltage 



3.2 3.3 3.4 3.5 3.6 3.7 

VouT (V) 


TO FIND THE APPROPRIATE VALUE OF THE SEGMENT CURRENT LIMIT RESISTOR Rx THE 
FOLLOWING EQUATION SHOULD BE USED. 

„ _VouT-Vo 

U 

WHERE: 

Is - SEGMENT CURRENT 

Vo * LEO DIODE DROP AT CURRENT 1$ 

VouT ' OMSasa output voltage at current Is <SE£ GRAPH) 

EXAMPLE: 

Is • S.O mA 

Vo ■ 1.7V (AT 5.0 mA) 

FROM GRAPH (Vcc - S.OV, Ta « 25°C) 

VouT * 3.S3V (AT 5.0 mA) 


’ 3.53V - 1.7V 

5.0 mA 

Rx ‘ 360n 

THE SAME EQUATION MAY BE USED WHEN EITHER THE OM7858 OR THE OMS8S8 ARE 
OPERATING IN THE MULTIPLEX MODE OF DRIVE. IF THE ADDITIONAL VOLTAGE DROP 
DUE TO THE DIGIT DRIVER IS TAKEN INTO CONSIDERATION THE NEW EQUATION WOULD 
HAVE THE FOLLOWING FORM: 

, Vqut - Vp - Vqb 


VoR • DIGIT DRIVER DROP AT CURRENT 1$ 


FIGURE 9. DM8858 Applications 
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DM8861 FIVE SEGMENT DRIVER 

The DM8861 is a five segment driver which like the 
DM75491 is used with multi-digit LEDs operating 
in the multiplex mode of drive. Each package 
contains five separate drivers, each driver with 
free collector and emitter points, Figure 4e. 


A typical application of the DM8861 is given in 
Figure 11 where the DM8861 is combined with 
the DM75491 to provide a total of nine inde- 
pendent sources of LED segment current from an 
MOS calculator. This allows control of the 7- 
segments plus decimal point and minus sign. This 
combination of circuits is not solely applicable to 
just the 8 digit calculator configuration shown but 
can be used with a display having as many digits 
as desired as long as the multiplexed segment 
current requirement does not exceed 50 mA. 

As with the DM75491, the DM8861 Is also appli- 
cable to use with common anode displays as well 
as common cathode since each driver has its 
collector bonded out to a separate pin. 



‘CURRENT LIMIT RESISTORS 
‘•NSN-33 OR EOUIVALENT 


FIGURE 10. 6-Digit Calculator 


with free collector and emitter points, see Figure 
4e. 



DRIVERS 

DM75491 (4 PER PACKAGE) 

OM8861 (5 PER PACKAGE) 

FIGURE 4e. Circuit Schematic 

In the multiplex mode of drive, a six digit calculator 
needs only two DM75491 's to drive the segments 
in the display, see Figure 10. The total of eight 
segment drivers allows drive to each of the indi- 
vidual seven segments plus logic control for the 
decimal point. Figure 11 shows the DM75491 
used in an 8 digit calculator application. 

Table II lists the package type and temperature 
range of the DM75491. 
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Refer to Table 11 for operating temperature range 
and package type for the DM8861. 

DM75492, DM8863 MOS TO LED 
DIGIT DRIVERS 

The DM75492 and DM8863 are digit drivers 
designed to drive multi-digit common cathode 
LEDs directly from MOS circuits. Since digit 
currents are quite high in multiplex operation 
MOS circuits usually cannot sink the required 
digit select current, therefore these circuits pro- 
vide the required current buffering. The two 
circuits have different current handling capability 
as well as different numbers of drivers per package, 
each will be discussed individually later. 

The circuits are totally compatible for use with 
both the DM75491 and the DM8861. The most 
common usage of the circuits is in MOS calculator 
applications where the DM75491 or the DM8861 
source the segment current and either the DM75492 
or the DM8863 sink the digit current. 

DM75492 SIX DIGIT DRIVER 

The DM75492 is a six digit LED driver designed 
to be used with common cathode multi-digit 



•SEGMENT CURRENT LIMIT RESISTORS 
••EITHER SINGLE DIGIT, MULTI DIGIT, NSN 33, OR EQUIVALENT 


displays operating in the multiplex mode of drive. 

The circuit features six high gain Darlington 
connected transistors, with collectors open and 
emitters tied to ground (Figure 4f), capable of 



FIGURE 4f. Circuit Schematic 


sinking up to 250 mA with a maximurn collector 
to ground drop of 1.5V over the operating 
temperature range. Low input current of 3.3 mA 
maximum at 10V makes the drivers suitable for 
direct connection to MOS circuits. Output leakage 
is 200juA maximum at 10V over temperature. 
Maximum Vqc 's 10V. 
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In Figure 10 the DM75492 is shown along with 
the DM75491 in a typical six digit calculator 
application. Since the calculator circuit shown is 
operated in the multiplex mode of drive only 
one DM75492 is required, replacing at least six 
transistors and resistors for the equivalent discrete 
circuit. 

The operating temperature range and package 
type for the DM75492 is given in Table II. 

DM8863 EIGHT DIGIT DRIVER 

The DM8863 is an eight digit LED driver designed 
to be used In conjunction with either the DM75491 
and/or the DM8861 in driving eight common 
cathode LED digits operating in the multiplex 
mode of drive. 

This circuit features eight separate high gain 
Darlington connected transistor circuits, see Figure 
4f. Each Darlington transistor pair Is capable of 
sinking 500 mA with a maximum collector to 
ground drop of 1.6V. Each collector can withstand 


10V at a maximum leakage of 250iuA in the off 
state. Maximum input current is 2.0 mA at 10V, 
making the circuit particularly well suited for 
direct drive from MOS circuits. 

Figure 11 shows the DM8863 used in a typical 
8-digit calculator application. The important 
feature of the DM8863 is the very high sink 
current capability. This allows multiplex operation 
of large digits or large numbers of digits without 
the use of discrete high current transistors. 

Another application of the DM8863 is shown in 
Figure 12. In this case the DM8863 is used along 
with the MM431 1/MM531 1 series digital clock 
circuits in the implementation of a 6-digit clock 
display. Here the DM8863 is used as a segment 
driver for a common anode display. The use of 
the DM8863 in this manner replaces a total of 
14 resistors and 7 transistors. 

The DM8863 uses a single supply with a maximum 
voltage of 10V. Table II specifies the operating 
temperature range and package type for the 
DM8863. 


Vss = 11V 



Rx ' 200. VARIABLE DEPENDING ON DESIRED DISPLAY BRIGHTNESS. 


FIGURE 12. Digital Clock Using DM8863 
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DM8864, DM8865, DM8866 MOS TO 
LED DIGIT DRIVERS 

The DM8864, DM8865, and DM8866 were de- 
signed to drive common cathode nine, eight, and 
seven digit displays respectively. The applications of 
these drivers are similar to those of the DM75492 
and DM8863 except that operating current levels 
are lower. 

All circuits feature maximum input current of 
2.0 mA at a voltage of 6.5V. Output sink capabil- 
ity is 50 mA at a maximum collector to ground 
drop of 1.5V. Output leakage is 40 mA (max) at 
an output voltage of 6.0V. All circuits operate 
from a supply that can vary from 5.0V to 9.5V. 

DM8864 NINE DIGIT DRIVER 

The DM8864 is a nine digit common cathode LED 
driver. Each package contains nine separate digit 
drivers. The circuit also features a "low battery" 
indicator driver which will light a decimal point 
whenever a 9.0V battery drops below 6.5V typical. 

Figure 13 shows the PM8864 in a typical calculator 
drive application. The operating temperature range 


and package type for the DM8864 is given in 
Table II. 

DM8865 EIGHT DIGIT DRIVER 

The DM8865 is an eight digit common cathode 
LED driver. Eight separate drivers are contained 
within each package. As with the DM8864 and 
DM8866 the DM8865 can also be used as a 
segment driver for common anode displays in the 
multiplex or nonmultiplex mode as long as the 
segment current does not exceed 50 mA. 

Table II gives the operating temperature range and 
package type for the DM8865, 

DM8866 SEVEN DIGIT DRIVER 

The DM8866 is a seven digit common cathode 
LED driver. Each package contains seven separate 
digit drivers. Logic is also provided for a "low 
battery" indicator which will detect a 9.0V battery 
drop to below 6.5V typical and drive a decimal 
point. 

Table II lists the package type and temperature 
range of the DM8866. 



FIGURE 13. A Typical Application of the DM8864, Showing a Complete 8-Digit, 
5 Function Calculator with Memory. 
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Section 6 

Memory Support 


TEMPERATURE RANGE 

-55°Cto +125‘’C 0°Cto +70°C 

DESCRIPTION 

PAGE 

NUMBER 



DS0025C 

2-Phase PMOS Clock Driver 

6-4 

*DS0026 

DS0026C 

2-Phase PMOS Clock Driver 

6-7 

*DS0056 

DS0056C 

2-Phase PMOS Clock Driver 

6-7 

— 

DS3245 

Quad MOS Clock Driver 

6-14 

DS1617 

DS3617 

Bubble Memory Sense Amplifier 

6-17 

*DS1628 

DS3628 

Octal TRI-STATE MOS Driver 

6-24 

*DS1644 

DS3644 

Quad TTL-to-MOS Ciock Drivers 

6-27 

*DS1674 

DS3674 

Quad TTL-to-MOS Ciock Drivers 

6-27 

*DS1645 

DS3645 

Hex TRi-STATE TTL-to-MOS Latch/Drivers 

6-30 

*DS1675 

DS3675 

Hex TRI-STATE TTL-to-MOS Latch/Drivers 

6-30 

*DS1647 

DS3647 

Quad TRI-STATE I/O Registers 

6-35 

*DS1677 

DS3677 

Quad TRI-STATE I/O Registers 

6-35 

*DS16147 

DS36147 

Quad TRI-STATE I/O Registers 

6-35 

*DS16177 

DS36177 

Quad TRI-STATE I/O Registers 

6-35 

*DS1648 

DS3648 

TRI-STATE TTL-to-MOS Multiplexer/Driver 

6-41 

*DS1678 

DS3678 

TRI-STATE TTL-to-MOS Multiplexer/Driver 

6-41 

*DS1649 

DS3649 

Hex TRI-STATE TTL-to-MOS Driver 

6-46 

*DS1679 

DS3679 

Hex TRI-STATE TTL-to-MOS Driver 

6-46 

*DS1651 

DS3651 

Quad High Speed MOS Sense Amplifiers 

6-49 

*DS1653 

DS3653 

Quad High Speed MOS Sense Amplifiers 

6-49 

*DS1671 

DS3671 

Duai Bootstrapped 2-Phase Ciock Driver 

6-55 

— 

DS3685 

Hex TRI-STATE Latch 

6-59 

*DS16149 

DS36149 

Hex MOS Drivers 

6-62 

*DS16179 

DS36179 

Hex MOS Drivers 

6-62 

*DS55325 

DS75325 

Memory Drivers 

6-66 

— 

DS75361 

Dual TTL-to-MOS Driver 

6-73 

— 

DS75362 

Dual TTL-to-MOS Driver 

6-78 

— 

DS75365 

Quad TTL-to-MOS Driver 

6-83 

— 

AN-76 

Applying Modern Clock Drivers to 

MOS Memories 

6-88 


‘Also available screened in accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s ‘‘The Reliability Handbook”. 




4k & 16k N-CHANNEL MOS MEMORY INTERFACE CIRCUITS 


Page No. 

Device Number and Name 

5V 

Clock 

Drivers 

12V 

Clock 

Drivers 

4k 

RAM 

Address 

Drivers 

16k 

RAM 

Address 

Drivers 

Data 

I/O 

Timing 

& 

Control 

Drivers 

6-17 

DS3617 

Bubble Memory Sense Amplifier 







6-24 

DS3628 

Octal TRI-STATE® MOS Driver 

• 



• 


• 

6-27 

DS3644, DS3674 

Quad MOS Clock Driver 


• 





6-14 

DS3245 

Quad MOS Clock Driver 


• 





6-30 

DS3645, DS3675 

Hex TRI-STATE MOS Driver Latch 



• 




6-3.5 

DS3647, DS3677, DS36147, DS36177 

Quad TRI-STATE MOS Memory I/O Register 





• 


6-41 

DS3648, DS3678 

TRI-STATE MOS Multiplexer/Driver 

• 


• 

o 


o 

6-46 

DS3649, DS3679 

Hex TRI-STATE MOS Driver 

• 


• 



o 

6-59 

DS3685 

Hex TRI-STATE Latch 







6-62 

DS36149, DS36179 

Hex MOS Driver 

• 


• 



• 

6-66 

DS75325 

Memory Driver 







6-73 

DS75361 

Dual TTL-to-MOS Driver 


• 





6-78 

DS75362 

Dual TTL-to-MOS Driver 


• 





6-83 

DS75365 

Quad TTL-to-MOS Driver 


• 
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DP8303, DP8304B, DP8307, DP8308 

8-Bit Bidirectional Transceiver 





• 


8-11 

DP8216, DP8226 

4-Bit Bidirectional Transceiver 





• 


2-89 

DS8T26, DS8T28 

Quad TRI-STATE Bus Driver 





• 


8-4 

DP8212 

8-Bit Input/Output Port 





• 



P-CHANNEL MOS INTERFACE CIRCUITS 


FUNCTION 

CHARACTERISTICS 

TEMPERATURE 

PAGE NO. 

0°Cto +70° C 

-55°Cto+125°C 

Clock Driver 

Dual, 30V, Drive 1000 pF @ 1 MHz 

DS0025C 


6-4 

Clock Driver 

Dual, 20V, Drive 1000 pF @ 5 MHz 

DS0026C 

DS0026 

6-7 

Clock Driver 

Same as DS0026, May Use Pull-Up Resistor 

DS0056C 

DS0056 

6-7 

Clock Driver 

Same as DS0026, May Be Bootstrapped 

DS3671 

DS1671 

6-55 

Differential Sense Amplifier 

Quad TRI-STATE ±7 mV Sensitivity 

DS3651 

DS1651 

6-49 

Differential Sense Amplifier 

Quad Open-Collector ±7 mV Sensitivity 

DS3653 

DS1653 

6-49 


Note. Refer to Application Note 76 for additional information on clock drivers. 
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Selection Guide 


DS0025C 



National 

Semiconductor 


Memory Support 


DS(K)25C Two Phase MOS Clock Driver 


General Description 

The DS0025C is a monolithic, low cost, two phase 
MOS clock driver that is designed to be driven 
by TTL line drivers or buffers such as the DS8830 
or DM7440. Two input coupling capacitors are 
used to perform the level shift from TTL to MOS 
logic levels. Optimum performance in turn-off 
delay and fall time are obtained when the output 
pulse is logically controlled by the input. However, 
output pulse widths may be set by selection of the 
input capacitor eliminating the need for tight 
input pulse control. 


Features 

■ 8-lead TO-5 or 8-lead or 14-lead dual-in-line 
package 

■ High Output Voltage Swings-up to 30V 

■ High Output Current Drive Capability— up to 
1.5A 

■ Rep. Rate: 1.0 MHz into > 1000 pF 

■ , Driven by DS8830, DM7440 

■ “Zero" Quiescent Power 


Connection Diagrams 

Metal Can Package 



Dual-1 n-Line Package 


TOP VIEW 

Order Number DS0025CH 
See NS Package H08C 

Typical Application 



Order Number DS0025CN 
or DS0025CJ-8 

See NS Package N08A or J08A 


Dual-In-Line Package 

NC OUTS NC INB NC NC 



TOP VIEW 

Order Number DS0025CJ 
See NS Package J14A 
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Absolute Maximum Ratings (Noteu 


(V^ - V ) Voltage Differential 

Input Current 

Peak Output Current 

Storage Temperature 

Operating Temperature 

Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics 


30V 
100 mA 
1.5A 

-65°Cto +150°C 
0°C to +85°C 

aoo'^c 


(Notes 2 and 3) See test circuit. 


Maximum Power Dissipation"" at 25''C 

8-Pin Cavity Package 1 1 50 mW 

14-Pin Cavity Package 1410 mW 

Molded Package 1080 mW 

Metal Can (TO-5) Package 670 mW 

*Derate 8-pin cavity package 7.8 mW/°C above 25° C; derate 
14-pin cavity package 9.5 mW/°C above 25° C; derate molded 
package 8.7 mW/°C above 25°C; derate metal can (TO-5) pack- 
age 4,5 mW/°C above 25° C. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tdON Turn-On Delay Time 

C,N = O.OOImF, R,n = on. Cl = 0.001/uF 


15 

30 

ns 

tpiSE Rise Time 

C|fvj — 0.001/iF, R|n ~ on. Cl “ 0.001/jF 


25 

50 

ns 

tdOFF Turn-Off Delay Time 

C,N = 0.001/aF, R,n = on. Cl = O.OOI/uF 
(Note 4) 


30 

60 

ns 

Lfall f^3ll Time 

C((\j — 0.001/iF, R|(vj ~ on. 

Cl = O.OOIjuF 

(Note 4) 

60 

90 

120 

ns 

(Note 5) 

100 

150 

250 

ns 

PW Pulse Width (50% to 50%) 

C)i\j ~ 0.001/iF, Riisj “ on. 

Cl = 0.001/iF (Note 5) 


500 


ns 

Vo+ Positive Output Voltage Swing 

V|(\j = OV, louT " FnA 

V^-1.0 

V^-0.7V 


V 

Vq- Negative Output Voltage Swing 

l|isj ~ 10 mA, Iqut ~ 1 rnA 


V~-i-0.7V 

V~+1.5V 

V 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS0025C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5: Parameter values for input pulse width greater than output clock pulse width. 

Typical Performance 

Transient Power vs Rep. Rate 




.5 1.0 1.5 2.0 

PULSE REPETITION RATE (MHzi 
Pac = (V^ - V-)"f Cl 


10 20 30 40 50 60 70 

DUTY CYCLE (%) 

(V*-V->^(DC) 

Poe = ik 




0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
FREQUENCY (MHz) 

, (Pmax)(H)-(V'-V~)^(DC) ^ (IpJ (t,) 
{f){1k)(V"-V-)2 ^ V^-V 


200 600 1000 1400 1800 2200 

C,N (pF) 

Imax " Pfisk current delivered by driver 
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DS0025C 






DS0025C 


Applications Information (Reference AN-76) 


Circuit Operation 

Input current forced into the base of Q-i through the 
coupling capacitor C|n causes Qi to be driven into 
saturation, swinging the output to V” + VcE(sat) + 
Voiode- 

When the input current has decayed, or has been 
switched, such that Qi turns off, Q 2 receives base 
drive through R 2 , turning Q 2 on. This supplies 
current to the load and the output swings positive 
toV^-VgE. 

It may be noted that must switch off before 
Q 2 begins to supply current, hence high internal 
transients currents from V~ to cannot occur. 



FIGURE 1. DS0025 Schematic (One-Half Circuit) 


Fan-Out Calculation 

The drive capability of the DS0025 is a function 
of system requirements, i.e. speed, ambient tem- 
perature, voltage swing, drive circuitry, andsstray 
wiring capacity. 

The following equations cover the necessary cal- 


Example Calculation 

How many MM 506 shift registers can be driven by 
a DS0025CN driver at 1 MHz using a clock pulse 
width of 200 ns, rise time 30-50 ns and 16V am- 
plitude over the temperature range 0-70°C? 

Power Dissipation; 

At 70°C the DS0025CN can dissipate 870 mW 
when soldered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), It can be seen that at 16V and 
30 ns, the maximum load that can be driven is 
limited to 2800 pF. 

Average Internal Power: 

Equation (3), gives an average power of 50 mW at 
16V and a 20% duty cycle. 


culations to enable the fan-out to be calculated 
for any system condition. 

Transient Current 

The maximum peak output current of the DS0025 
is given, as 1.5A. Average transient current required 
from the driver can be calculated from; 



Typical rise times into 1000 pF load is 25 ns 
For V^ - V" = 20V, I = 0.8A. 

Transient Output Power 

The average transient power (Pgc) dissipated, is 
equal to the energy needed to charge and discharge 
the output capacitive load (Cl) multiplied by the 
frequency of operation (f). 

Pac = Cu X (V^ - V-)^ X f (2) 

For V* - V = 20V, f = 1.0 MHz, Cl = 1000 pF, 
PAc = 400mW. 

Internal Power 

"0" State Negligible «3TnW) 

"V State 

(V+ -V“)^ 

Pint = X Duty Cycle (3) 

= 80 mW for V^ - V“ = 20V, DC = 20% 
Package Power Dissipation 

Total average power = transient output power + 
internal power 


For one-half of the DS0025C, 870 mW 2 can be 
dissipated. 

435 mW = 50 mW + transient output power 
385 mW = transient output power 

Using equation (2) at 16V, 1 MHz and 350 mW, 
each half of the DS0025CN can drive a 1367 pF 
load. This is less than the load imposed by the 
transient current limitation of equation (1) and 
so a maximum load of 1367 pF would prevail. 


From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 
of devices driven is 1367/80 or 17 registers. 




National 
Semiconductor 

DS0026^ DS0056 5 MHz Two 

General Description 

DS0026/DS0056 are low cost monolithic high speed 
two phase MOS clock drivers and interface circuits. 
Unique circuit design provides both very high speed 
operation and the ability to drive large capacitive loads. 
The device accepts standard TTL outputs and con- 
verts them to MOS logic levels. They may be driven 
from standard 54/74 series and 54S/74S series gates 
and flip-flops or from drivers such as the DS8830 or 
DM7440. The DS0026 and DS0056 are intended for 
applications in which the output pulse width is logically 
controlled; i.e., the output pulse width is equal to the 
input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon-gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for a 8k by 16-bit 
1103 RAM memory system. Information on the correct 
usage of the DS0026 in these as well as other systems is 
included in the application note AN-76. 

The DS0026 and DS0056 are identical except each 
driver in the DS0056 is provided with a Vbb connection 
to supply a higher voltage to the output stage. This aids 


Memory Support 
Phase MOS Clock Drivers 


in pulling up the output when it is in the high state. An 
external resistor tied between these extra pins and a 
supply higher than V*" will cause the output to pull up 
to (V*^ -0.1V) In the off state. 

For DS0056 applications, it is required that an external 
resistor be used to prevent damage to the device when 
the driver switches low. A typical Vbb connection is 
shown on the next page. 

These devices are available in 8-lead TO-5, one watt 
copper lead frame 8-pin mini-DIP, and one and a half 
watt ceramic DIP, and TO-8 packages. 

Features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5 amps 

■ TTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0” state— 2 mW 

■ Drives to 0.4V of GND for RAM address drive 



Connection Diagrams (Top Views) 


TO-5 Package 



Note' Pin 4 connected to case 


Dual-ln-Line Package TO-8 Package Dual-ln-Line Package 



Order Number DS0026H 
or DS0026CH 


Order Number DS0026CJ-8, 
DS0026CN or DS0026J-8 


Order Number DS0026G 
or DS0026CG 


Order Number DS0026J 
or DS0026CJ 


See NS Package H08C See NS Package J08A or N08A See NS Package G12C 


See NS Package J14A 


TO-5 Package 



Order Number DS0056H 
or DS0056CH 
See NS Package H08C 


Dual-ln-Line Package 

OUT A V* Vbbb OUTB 



i li 

8 

5 

) 






1 


4 


Vbba in a V INB 


Order Number DS0056J-8, 
DS0056CJ-8 or DS0056CN 
See NS Package J08A or N08A 


Dual-ln-Line Package 



Order Number DS0056J 
or DS0056CJ 
See NS Package J14A 
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DS0026, DS0056 




DS002e, DS0056 


Absolute Maximum Ratings ( 

Note 1) 

V'*'-V- Differential Voltage 

22V 

Input Current 

100 mA 

Input Voltage (V|n-V") 

5.5V 

Peak Output Current 

1.5A 

Maximum Power Dissipation* at 25°C 


Cavity Package (8-Pin) 

1150 mW 

Cavity Package (14-Pin) 

1380 mW 

Molded Package 

1040 mW 

Metal Can (TO-5) Package 

660 mW 


Operating Temperature Range 

DS0026, DS0056 -55°C to +125°C 

DS0026C, DS0056C 0°C to +70°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

^Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 
14-pin cavity package 9.3 mW/°C above 25° C; derate molded 
package 8.4 mW/°C above 25°C: derate metal can (TO-5) pack- 
age 4.4 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logic “1" Input Voltage 

> 

0 

II 

1 

> 

2 

1.5 


V 

l|H 

Logic “1" Input Current 

V|N -V- = 2.4V 


10 

15 

mA 

V,L 

Logic “0" Input Voltage 

< 

1 

0 

< 


0.6 

0.4 

V 

IlL 

Logic "0" Input Current 

> 

0 

II 

> 

2 

> 


-3 

-10 

iuA 

VoL 

Logic “1" Output Voltage 

1 V,n-V- = 2.4V 


V--F0.7 

V+1.0 

V 

VOH 

Logic “0" Output Voltage 

V,M-V = 0.4V, Vbb >V^+ 1.0V 

DS0026 

V+-1.0 

V+-0.7 


V 



DS0056 

. 

V+-0.3 

V+-0.1 


V 

lcC(ON) 

"ON" Supply Current 

V^-V- = 20V V,n-V- = 2.4V 

DS0026 


30 

40 

mA 


(one side on) 

(Note 6) 

DS0056 


12 

30 

mA 

lcC(OFF) 

"OFF" Supply Current 

V+ - V- = 20V, 

70° C 


10 

100 

mA 



> 

0 

II 

1 

> 

1 

2 

> 

125°C 


10 

500 

fiA 


Switching Characteristics (t* = 25 °c) (Notes 5 and 7) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

toN Turn-on Delay 

(Figure 1) 

5 

7.5 

12 

ns 

(Figure 2) 


11 


ns 

toFF Turn-off Delay 

(Figure 1) 


12 

15 

ns 

(Figure 2) 


13 


ns 

t. Rise Time 

(Figure 1), 

(Note 5) 

Cl = 500 pF 


15 

18 

ns 

Cl = 1000 pF 


20 

35 

ns 

(Figure 2). 

(Note 5) 

. Cl = 500 pF 


30 

40 

ns 

Cl = 1000 pF 


36 

50 

ns 

tf Fall Time 

(Figure 1), 

(Note 5) 

Cl = 500 pF 


12 

16 

ns 

Cl = 1000 pF 


17 

25 

ns 

(Figure 2), 

(Note 5) 

Cl = 500 pF 


28 

35 

ns 

Cl = 1000 pF 


31 

40 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for - V” = 10V to 20V, Cl = 1000 pF, over the temperature range of -55°C to +125°C for the DS0026, 
DS0056 and 0°C to -i-70°C for the DS0026C, DS0056C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: All typical values for the T/!\ = 25°C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic “0“ to logic "1“ which is voltage fall. 

Note 6: Ibb DS0056 is approximately (Vbb ~ V~)/l kJ2 (for one side) when output is low. 

Note 7: The high current transient (as high as 1.5A) through the resistance of the external interconnecting V~ lead during the output transition 
from the high state to the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to 
V“ is electrically long, or has significant dc resistance, it can subtract from the switching response. 
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INPUT CURRENT (mA) 


Typical V^g Connection 


DS0056 

Vbb = +8V 



Typical Performance Characteristics 



-1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 


Supply Current vs Temperature 


L DUTY CYCLE = 20% 




f=1MHz 






Cl 

= 0 












V"- 

V- = 

20V 






■ 


=1 








n 























V^-V = 17V 






1 1 




).U 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Turn-On and Turn-Off Delay 
vs Temperature 



TEMPERATURE ( C) 



Rise Time vs Load 
Capacitance 



0 200 400 600 800 1000 1200 


Fall Time vs Load 
Capacitance 



0 200 400 600 800 1000 1200 


LOAD CAPACITANCE (pF) 


LOAD CAPACITANCE (pF) 


^ Recommended Input Coupling 

3 Capacitance 

J 2400 

uj‘ 2200 

I 2000 

t 1800 

1 1600 

2 1400 
“ 1200 
^ 1000 
^ 800 

0 

S 400 

m 200 

1 0 

u 0 100 200 300 400 500 600 700 800 
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. V+-V~ = 20V 
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.Cl = 1000pF 
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DS0026, DS0056 









DS0026, DS0056 


Schematic Diagrams 



1/2 DS0026 


1/2 DS0056 
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AC Test Circuits and Switching Time Waveforms 




+20V 



Typical Applications 


AC Coupled MOS Clock Driver 


DC Coupled RAM Memory Address or Precharge 
Driver {Positive Supply Only) 


+5V 



TWO PHASE CLK 
TO SHIFT 

REGISTERS OR RAMS 


+17V 



TO ADDRESS 
L^ESON 
MEMORY SYSTEM 








DS0026^ DS0056 


Application Hints 

DRIVING THE MM5262 WITH THE 
DS0056 CLOCK DRIVER 

The clock signals for the MM5262 have three require- 
ments which have the potential of generating problems 
for the user. These requirements, high speed, large 
voltage swing and large capacitive loads, combine to 
provide ample opportunity for inductive ringing on clock 
lines, coupling clock signals to other clocks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recognizing 
the source and potential of these problems early In the 
design of a memory system is the most critical step. 
The object here is to point out the source of these 
problems and give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any line must be considered as a transmission 
line with distributed inductance and capacitance. To 
see how much ringing can be tolerated we must examine 
the clock voltage specification. Figure 6 shows the clock 



FIGURE 6. Clock Waveform 


specification, in diagram form, with idealized ringing 
sketched in. The ringing of the clock about the Vss level 
is particularly critical. If the Vss ~ 1 ^qh is not main- 
tained, at all times, the information stored in the memory 
could be altered. Referring to Figure 1, if the threshold 
voltage of a transistor were -1.3V, the clock going to 
Vss ~ 1 would mean that all the devices, whose gates 
are tied to that clock, would be only 300 mV from 
turning on. The internal circuitry needs this noise 
margin and from the functional description of the RAM 
it is easy to see that turning a clock on at the wrong 
time can have disastrous results. 

Controlling the clock ringing is particulary difficult 
because of the relative magnitude of the allowable 
ringing, compared to the magnitude of the transition. 
In this case it is IV out of 20V or only 5%. Ringing 
can be controlled by damping the clock driver and 
rninimizing the line inductance. 

Damping the clock driver by placing a resistance in 
series with its output is effective, but there is a limit 
since it also slows down the rise and fall time of the 
clock signal. Because the typical clock driver can be 
much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the 
minimum rise and fall time. This is very important 
because the faster the rise and fall times, the worse the 
ringing problem becomes. The size of the damping 
resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. 
In practice a resistance of 10 ohms to 20 ohms is usually 
optimum. 


Limiting the inductance of the clock lines can be 
accomplished by minimizing their length and by laying 
out the lines such that the return current is closely 
coupled to the clock lines. When minimizing the length 
of clock lines it is important to minimize the distance 
from the clock driver output to the furthest point 
being driven. Because of this, memory boards are 
usually designed with clock drivers in the center of 
the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with clock lines 
sandwiched between the Vqd and Vgs power plains 
minimizes the inductance of the clock lines. It also 
serves the function of preventing the clocks from coupling 
noise Into input and output lines. Unfortunately multi- 
layer printed circuit boards are more expensive than 
two sided boards. The user must make the decision as 
to the necessity of multilayer boards. Suffice it to say 
here, that reliable memory boards can be designed using 
two sided printed circuit boards. 

The recommended clock driver for use with the MM4262/ 
MM5262 is the DS0056/DS0056C dual clock driver. 
This device is designed specifically for use with dynamic 
circuits using a substrate, Vbb» supply. Typically it will 
drive a 1000 pF load with 20 ns rise and fall times. 
Figure 7 shows a schematic of a single driver. 



In the case of the MM5262, V"^ Is a +5V and Vbb 'S 
+8.5V. Vbb should be connected to the Vbb 
shown in Figure 7 through a 1 kS2 resistor. This allows 
transistor Q4 to saturate, pulling the output to within a 
VcE(sAT) of the supply. This is critical because as 
was shown before, the Vss “ 1-0^ clock level must not 
be exceeded at any time. Without the Vbb Poll up on 
the base of Q4 the output at best will be 0.6V below 
the V'*' supply and can be IV below the supply 
reducing the noise margin or this line to zero. 
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Application Hints (Continued) 


Because of the amount of current that the clock driver 
must supply to its capacitive load, the distribution of 
power to the clock driver must be considered. Figure 8 
gives the idealized voltage and current waveforms for a 
clock driver driving a 1000 pF capacitor with 20 ns 
rise and fall time. 




FIGURE 8. Clock Waveforms (Voltage and Current) 


As can be seen the current is significant. This current 
flows in the N/qd and Vss power lines. Any significant 
inductance in the lines will produce large voltage 
transients on the power supplies, A bypass capacitor, 
as close as possible to the clock driver, is helpful in 
minimizing this problem. This bypass is most effective 
when connected between the Vgs and N/qd supplies. A 
bypass capacitor for each DS0056 is recommended. 
The size of the bypass capacitor depends on the amount 
of capacitance being driven. Using a low inductance 
capacitor, such as a ceramic or silver mica, is most 
effective. Another helpful technique is to run the Vqd 
and Vss lines, to the clock driver, adjacent to each 
other. This tends to reduce the lines inductance and 
therefore the magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed 
out that the DS0056 is a relatively low input impedance 
device. It is possible to couple current noise into the 
input without, seeing a significant voltage. , Since this 
noise is difficult to detect with an oscilloscope it is 
often overlooked. 

Lastly, the clock lines must be considered as noise 
generators. Figure 9 shows a clock coupled through a 
parasitic coupling capacitor, Cq, to eight data input 
lines being driven by a 7404. A parasitic lumped line 


inductance, L, is also shown. Let us assume, for the sake 
of argument, that Cc is 1 pF and that the rise time of 
the clock is high enough to completely isolate the clock 
tranisent from the 7404 because of the inductance, L. 



With a clock transition of 20V the magnitude of the 
voltage generated across Cj, is: 

V = 20V X — ^ = 20V X (—1 = 0.35V 
\56+1/ 

This has been a hypothetical example to emphasize 
that with 20V low rise/fall time transitions', parasitic 
elements can not be neglected. In this example, 1 pF 
of parasitic capacitance could cause system malfunction, 
because a 7404 without a pull up resistor has typically 
only 0.3V of noise margin in the state at 25°C. 
Of course it is stretching things to assume that the 
inductance, L, completely isolates the clock transient 
from the 7404. However, it does point out the need 
to minimize inductance in input/output as well as 
.clock lines. 


The output is current, so it is more meaningful to 
examine the current that is coupled through a 1 pF 
parasitic capacitance. The current would be: 


1= Ccx 


AV 

At 


1 X 10“ ■'2 X 20 
20 X 10“^ 


= 1 mA 


This exceeds the total output current swing so it is 
obviously significant. 

Clock coupling to inputs and outputs can be minimized 
by using multilayer printed circuit boards, as mentioned 
previously, physically isolating clock lines and/or run- 
ning clock lines at right angles to input/output lines. 
All of these techniques tend to minimize parasitic 
coupling capacitance from the clocks to the signals in 
question. 

In considering clock coupling it is also important to 
have a detailed knowledge of the functional characteristics 
of the device being used. As an example, for the MM5262, 
coupling noise from the 02 clock to the address lines 
is of no particular consequence. On the other hand the 
address inputs will be sensitive to noise coupled from 
01 clock. 
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DS002^ DS0056 



DS3245 



National 

Semiconductor 


DS3245 Quad MOS Clock Driver 


Memory Support 


General Description 

The DS3245 is a quad bipoIar-to-MOS clock driver with. 
TTL compatible inputs. It is designed to provide high 
output current and voltage capabilities necessary for 
optimum driving of high capacitance N-channel MOS 
memory systems. 

Only 2 supplies, 5 Vdq and 12 Vdc* s'"® required with- 
out compromising the usual high Vqh specification 
obtained by circuits using a third supply. 

The device features 2 common enable inputs, a refresh 
Input, and a clock control input for simplified system 
designs. The circuit was designed for driving highly 
capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs, thereby minimizing input loading. 


Features 

■ TTL compatible inputs 

■ Operates from 2 standard supplies: 5 Vdc, 12 V[)c 

■ Internal bootstrap circuit eliminates need for external 
PNP's 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function equivalent to Intel 3245 


Logic and Connection Diagrams 



Duai-ln-Line Package 



Order Number DS3245J or DS3245N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -10°C to +85°C 

Storage Temperature -65°C to +150°C 

Supply Voltage, Vqc to +7V 

Supply Voltage, Vdd -0.5to+14V 

All Input Voltages -1 .0 to Vqd 

Outputs for Clock Driver -1.0 to VqD 

Maximum Power Dissipation at 25°C 

Cavity Package 1 509 mW 

Molded Package 1476 mW 

^Derate cavity package 10.1 mW/°C above 25° C; derate molded package 11.8 mW/°C 
above 25° C. 


Electrical Characteristics ta = o°c to +75°c, vcc = 5v ±5%, vdd = i2v +5% 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IFD 

Select Input Load Current 

Vf = 0.45V 



-0.25 

mA 

IFE 

Enable Input Load Current 

Vf = 0.45V 



-1.0 

mA 

IRD 

Select Input Leakage Current 

Vr = 5V . 



10 

juA 

Ire 

Enable Input Leakage Current 

> 

IS) 

II 

cc 

> 



40 

JLtA 

Vql 

Output Low Voltage 

• OL = 5 mA. V|H = 2V 



0.45 

V 

Iql “5 mA 

-1.0 



V 

VOH 

Output High Voltage 

IOH = -1 mA, Vil = 0.8V 

Vdd-0.50 

/ 


V 

lOH = 5 mA 





V|L 





0.8 


V|H 

Input High Voltage, All Inputs 


2 



hdi 

VclaMP li^PUt Clamp Voltage 

Vqc = Min, l||\i = -12 mA 


-1.0 

-1.5 

V 

Power Supply Current Drain 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

icc 

Current from Vqc 

Output In High State 

Vqc = 5.25V. 

Vdd = 12.6V 


26 

34 

mA 

IDD 

Current from Vqq 

Output in High State 

Vqc = 5.25V. 

Vdd= 12.6V 


23 

30 

mA 

Icc 

Current from Vqq 

Output in Low State 

Vqc = 5.25V, 

Vdd = 12.6V . 


29 

39 

mA 

Idd 

Current from Vqd 

Output In Low State 

Vqc = 5.25V. 

Vdd = 12.6V 


13 

19 

mA 

Note 1 : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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DS3245 


Switching Characteristics ta = o°c to +75‘’c, vcc = 5v ±5%, vdd = 1 zv +5% 


PARAMETER 

CONDITIONS 




UNITS 

t_+ 

Input to Output Delay 

RSERIES = 0 

5 

11 


ns 

tDR 

Delay Plus Rise Time 

RSERIES = 0 


20 

32 

ns 

t4— 

Input to Output Delay 

Rseries = o 

3 

7 


ns 

tDF 

Delay Plus Fall Time 

RSERIES = 0 


18 

32 

ns 

tT 

Output Transition Time 

Rseries = 2on 

10 

17 

25 

ns 

tDR 

Delay Plus Rise Time 

RSERIES = 20n 


27 

38 

ns 

tDF 

Delay Plus Fall Time 

Rseries= 2on 


25 

38 

ns 


Capacitance ta = 25 ‘’c (Note 7) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

C|N 

Input Capacitance, I-), I 2 , I 3 , I 4 



5 

8 

pF 

C|N 

Input Capacitance, R, C, El, E2 



8 

12 

pF 


These values represent a range of total stray plus clock capacitance for nine 4k RAMs. 


Note 3; Cl = 150 pF 
Note 4: Cl = 200 pF 
Note 5: Cl = 250 pF 

Note 6: Typical values are measured at 25°C. 

Note 7: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vgi as " 2V, Vqq = OV, and 
Ta = 25°C. 


AC Test Circuit and Switching Time Waveforms 


Rseries 
DS3245 I— VW 




Input pulse amplitudes: 3V 
Input pulse rise and fall times: 

5 ns between 1 V and 2V 
Measurement points: see waveforms 
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National Menr 

iDl Semiconductor 

DS1617/DS3617 Bubble Memory Sense Amplifier 

General Description Features 


Memory Support 


The DS1617 and the DS3617 are bubble memory sense 
amplifiers that convert low level signals from magneto-re- 
sistive detectors of the bubble memory info TTL compat- 
ible output levels. Internal functions consist of an input 
bias circuit, an internally AC coupled amplifier, a high 
speed precision comparator, two flip-flops, a TRI-STATE'”' 
output stage and a power fail detector. 

TTL compatible control inputs allow either average-to- 
peak or the conventional clamp and strobe (peak-to-peak) 
sensing of the input signal. The threshold voltage and the 
input bias voltage are externally adjustable allowing com- 
patibility with different types of bubble memories. 

Although specifically designed for bubble memory inter- 
facing, they are easily adaptable for any application re- 
quiring detection of mV level signals in the 25 kHz to 4 MHz 
range. Typical application areas include fiber optic 
receivers, plated wire memory sense amplifiers and pulse 
discriminators. 


Single 12V or 12V/5V operation 

On-chip adjustable detector bias circuit 

Choice of average-to-peak or clamp and strobe sensing 

Guaranteed tight threshold limits over the specified 

temperature and supply voltage range 

Threshold externally adjustable over 0 mV to 20 mV 

range (typical) 

On-chip reference for a 3.2 mV threshold (typical) 
TRI-STATE output 

No offset nulling requirement due to on-chip AC cou- 
pling at the input 

Power fail detector with adjustable trip level senses 
both supplies 

Compatible with a wide range of bubble memories 
Standard 16-pin dual-in-line package 
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DS1617/DS3617 


Connection Diagram 


DuaMn-Line Package 



TOP VIEW 

Order Number DS1617J, 

DS3617J or DS3617N 
See NS Package J16A or N16A 

Functional Pin Description 

ANALOG INPUTS 

Differential Analog inputs (IN andlN“): These are high 
impedance inputs for bubble memory detectors. They aiso 
provide the bias current to the detectors at a constant DC 
voitage. The sense-amp threshoid is positive with respect 
to the iN'*' input. 

Bias Voltage Input (Vb): When an external DC voltage (be- 
tween 4V and 8V) is applied to this input, the internal error 
amplifier will adjust the bias current sources to maintain 
the average common-mode voltage of IN*^ and IN~ in- 
puts at this value. This input can be connected to to 
obtain an internally set bias voltage of 7V typical. This 
voltage is derived on-chip from a resistor divider con- 
nected across the Vqd supply. 

Threshold Adjust Input (Vj): An externally applied DC 
voltage in the range of OV to 10V at this input will set the 
threshold of the sense-amplifier in the 0 mV to 20 mV 
range. The threshold is linearly related to this voltage. 

Power Fall Adjust Input (PFA): The trip voltage of 5V and 
12V supplies can be set to a fraction of their nominal 
values by applying an external reference voltage to this in- 
put (see graph). When precise power fail detection is not 
required this input may be grounded to obtain a trip 
voltage between 35% and 65% of the nominal supply 
levels (i.e., 5V and 12V). 

ANALOG OUTPUTS 

Buffered Bubble Signal Output (BUF-t-); This is the 
preamplifier output which is in phase with the IN'^ input. 


It provides an amplified version of the input differential 
signal (X25) at a low Impedance for monitoring purposes. 

Internal Reference for Vj (Vref): This output, when con- 
nected to Vj input, provides a threshold of 3.2 mV typical. 
This voltage is derived on the chip from a potential divider 
connected across the Vqd supply. When Vr is aiso derived 
In the same fashion, the threshold will track the amplitude 
variations of the bubble signal resulting from the Vqd sup- 
ply variations. 

DIGITAL INPUTS 

Unclamp Input (UC): A logic low level on this input causes 
clamping of the differential inputs of the comparator to a 
common voltage. When a logic high level is applied, the in- 
puts are undamped within a few nanoseconds (5 ns typ). 
The capacitive coupling of the preamplifier outputs to the 
inputs of the comparator enables referencing of the 
threshold to any point on the input waveform by using this 
input. This pin is shorted to Vqq or Vqq when the average- 
to-peak sensing method is used. 

Strobe Input (ST): A high-to-low transition of this input 
causes the transfer of data from an internal latch to the 
output flip-flop. As long as this input is low the internal 
latch cannot be set by the comparator. For clamp and 
strobe sensing, this input can be tied to the unclamp input 
and used as a single UC/ST control line. 

Output Disable (OD): A logic high level at this input 
causes the data output to go into the high impedance 
state (TRI-STATE). 

Standby Input (SB): When the sense-amp is not in use this 
input can be used to reduce power consumption. A logic 
high level applied to this input puts the sense-amp in 
standby mode and TRI-STATEs the data output pin. The 
power fail detector circuit is not affected by this input. 

DIGITAL OUTPUTS 

Data Output (OUT): This output is high for signals cross- 
ing the threshold and low for those below the threshold. 
The data on this pin is valid a short time after the negative 
transition of the strobe signal and will remain valid until 
the next negative transition of the strobe signal. 

Power Fail Detect Output (NPF): This output goes low 
when either one or both of the supplies fall below the trip 
voltage. It will remain low until both of the supplies fall 
below a minimum level which is 4V for Vqq and 2.8V for 
Vqq. It is an open collector output with an internal pull-up 
of 5 kfi (typical). The circuit is insensitive to transients on 
the supplies and will typically reject a 500 ns pulse that 
goes IV below the trip voltage. 

POWER SUPPLIES 

Analog Supply (Vqd): 12V. 

Digital Supply (Vqc): 5V to 12V. This supply is internally 
regulated to 4.5V and hence can be tied to Vqq for single 
supply operation, but a standard 5V logic supply reduces 
power consumption and also permits power fail detection 
of the 5V supply. 
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Absolute Maximum Ratings (Note d 


Recommended Operating Conditions 


14V 

14V 

14V 

14V 

5.5V 

5.5V 

-65°Cto +150°C 


Supply Voltages (Vdd,Vcc) 

Input Voltages 

Senselnputs(IN IN ) 

Vj Input 

VbIAS Input (Vb) 

Control lnputs(UN, ST, OD, SB) 
PFAInput 
Output Voltage 
Storage Temperature 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

LeadTemperature(Soldering, 10 seconds) 


* Derate cavity package 10.9 mW/°C above 25°C; derate molded pack- 
age 13.5 mW/“C above 25°C. 


DC Electrical Characteristics (Notes 2 and 3) 


Vqd Supply Voltage 
DS1617 
DS3617 

Vqc Supply Voltage 
DS1617 
DS3617 

Temperature (T^) 

DS1617 

DS3617 

PFA Input Voltage 
VbiAS Input Voltage (Vb) 

Vj Input Voltage (Vj) 
(Threshold Adjust) 

Sense Input Common-Mode 
Voltage (Vcm) 

Input Bias Current (Ib) 

(Into IN and IN" Inputs) 


Parameter 

ANALOG INPUTS AND OUTPUTS 

V|B Input Bias Voltage 

(at IN'*" and IN" Inputs) 

AViB(temp) Input Bias Voltage 

Variation with Temperature 
(IN"^ and IN" Inputs) 

IvT Input Current for Vj Input 

IvB Input Current for Vb Input 

Vref Internal Reference Voltage 

AVjp (temp) Temperature Variation of 
(Vcc. Vdd) Power Fail Threshold 

DIGITAL OUTPUTS (OUT, NPF) 

VoH Logical “1” Output Voltage 


Logical “0” Output Voltage 


Max Units 


Output Short Circuit Current 


TRI-STATE Output Current 

Output Sink Current on NPF 
Output During Power Fail 


CONTROL INPUTS (UC, ST, OD, SB) 

V|H Logical “1” Input Voltage 

V|L Logical “0” Input Voltage 

liH Logical “1” Input Current 

I|L Logical “0” Input Current 

POWER SUPPLY CURRENTS 


OUT Only 


Internal (Note 4) 

External (Note 5) 

Ib = 5 mA 

- 55°C < Ta < 125°C (DS1617) 
0°C<Ta<70°C (DS3617) 

Vt = OV to 5V 
Vb = 4V to 8V 

Set by VpFA (See Graphs) 

- SS'C < Ta < 125°C (DS1617) 
0°C<Ta<70°C (DS3617) 

OD = 0.8V, SB = 0.8V, 

Iqh = - 400 fiA 

loH = - 100 fiA 

OD = 0.8V, SB = 0.8V, Iql = 10 mA 
Vcc = 4V, Vdd = 10V, VpFA = 1.5V, 
Iql = 5 mA 

Vo = 0V, Vcc = VDD = Max 

OD = 0.8V, SB = 0.8V 

VpFA = 0V ~ 

OD = 2.0V, SB = 0.8V or | 

OD = 0.8V, SB = 2.0V i 


Vo = 0.5V, VpFA = 1.5V 


Vin = 4V 
V|n = 0.4V 


Ib in mA Typ -0.15 0.588 Vdd + Typ -fO.15 
0.01 Ib 

Ib in mA Typ -0.1 Vb-f0.01 Ib Typ -f-0.1 


Vo = 0.4V 
Vo = 4.0V 

Vcc = 0V 
Vdd = 4V 
Vcc = 2.8V 
Vdd = 0V 


0.98 Typ 0.125 Vdd 1.02 Typ V 


2.4 

2.8 


2.4 

3.8 



0.4 

0.5 


0.35 

0.5 




-10 

-20 

-50 

-0.5 

-1 

-1.5 



-100 



100 

1 

6 


1 

6 



Idda Active Vdd Supply Current 

SB = 0.8V 


25 

45 

IccA Active Vcc Supply Current 

SB = 0.8V 


10 

20 

Idds Standby Vdd Supply Current 

SB = 2.0V 


12 

25 

Ices Standby Vcc Supply Current 

SB = 2.0V 


2 

4 


DS1617/DS3617 



AC Electrical Characteristics (Note 2) 

Parameter 

Conditions 


Typ 

Max 


SENSE INPUT CHARACTERISTICS 

Vth 

Differential Input 

Threshold Voltage 

Vb = 7V 

See Figure 5 for Test Waveforms 

0.97 xTyp 
-0.0005 

0.00213 X Vt 

1.03 X Typ 
-H 0.0005 

■ 

Vtr 

Threshold Adjustment 


DS1617 

0to8 

-0.5 to 20 


mV 


Range 


DS3617 

Oto 10 

- 0.5 to 20 


mV 

^BW 

Preamp Bandwidth 

@ ± 3 dB, 

Vb = 7V, -55°C<Ta<125°C 


0.025 to 4 


m 



@±0.1dB, Vb = 7V, -55°C<Ta<125“C 


0.1 to 1 


Hin 

Differential Input 

Resistance 



150 


kfi j 

Qn 

Differential Input 
Capacitance 



12 


■ 

AVjHdemp) Threshold Variation with 

Vdd = 12V 

-55“C<T<125“C(DS1617) 


±0.1 


mV 


Temperature 

0‘’C<T<70X(DS3617) 


±0.05 


mV 

Tpc 

Effective Time Constant 
of Preamp AC Couplings 

(From Sense Input to Comparator 

Inputs) UC = 3V 


6 



Tcl 

Clamp Circuit Time 
Constant 

(Time Constant Associated with the 
Comparator Inputs when UC = 3V) 


12 


^iS 

TIMING REQUIREMENTS | 

td 

Delay Time, UC or ST 

Input High to Sense Input 
High 

Figure 2 




m 


Data Set-Up Time, Sense 
Input High to UC or ST 

Input Low 

Figure 2 

100 



ns 

^pwi 

Minimum Input Pulse 

Width at Threshold 

Figure 2 

100 



ns 

^pws 

Minimum Strobe Pulse 

Width 

Figure 2 

30 



ns 

^ON 

Power-Up Time from SB 

Low to Full Operation 

' 



100 

fiS 

hFF 

Power-Down Time from 

SB High to Reduced 

Power 




1 

fiS 

SWITCHING CHARACTERISTICS 

tp 

ST Input Low to Valid 

Data at the Output 

Figures 1 and 3, OD = 0.8V, 

Cl = 30 pF, R1=5k, R2 = 1k 


30 

50 

ns 

TRI-STATE DELAYS FROM OD TO OUT | 

tiz 

Output Low to TRI-STATE 




15 

35 

ns 

tHZ 

Output High to TRI- 
STATE 

Figures 1 and 4 

Cl = 15 pF, R1=1k, 

R2 = 1k 


15 

35 

ns 

tzL 

Output TRI-STATE to 

Active Low 


15 

40 

ns 

tzH 

Output TRI-STATE to 

Active High 




15 

40 

ns 

Note 1: “Absolute maximum ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of “Electrical Characteristics” and “Recommended Operating Conditions” provide conditions for ac- 
tual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of “Recommended Operating Condi- 
tions”. All typical values are for V^c = 12V, Vcc = 5V and T^ = 25°C unless otherwise specified. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 

Note 4: Vb pin tied to Vqq. 

Note 5: Vq pin connected to the external bias voltage. 
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Example Threshold Calculations 


1. Find external voltage Vjto be applied for a 5 mV typical 
threshold. What is this tolerance of this threshold? 

VjH(typ) = 0.00213 X Vt = 0.005V 
Therefore, Vt = 0.005/0.00213 = 2.347V 
VjH (min) = 0.97 x 0.005 - 0.0005 = 4.35 mV 
VjH (max) = 1.03 x 0.005 +0.0005 = 5.65 mV 
Hence, Vjh = 5 ± 0.65 mV 
and Tolerance = ± 0.65 mV 

2. Find Vjh and its tolerance for Vdd= 12V when internal 
reference (Vr^f) is used for Vj. 

VT(typ) = VREF(typ) = 0.125 X Vdd = 1.5V 
VT(min) = VREF(min) = 0.98 x 1.5 = 1.47V 


Vj (max) = Vref (max) = 1.02 x 1.5 = 1.53V 

VTH(tyP) = 0.00213 X VT(typ) = 3.20 mV 

V-rH(min) = 0.97 x 0.00213 x VT(min) - 0.0005 = 2.54 mV 

VTH(max) = 1.03 x 0.00213 x VT(max) + 0.0005 = 3.86 mV 

Hence, Vj^ = 3.20 ± 0.66 mV 


Note. Since Vref is directly related to Vqd, the Vjh will 
follow the supply variations. But as long as the input bias 
voltage Vr Is also derived in the same way (i.e., using a 
potential divider across Vqq), the threshold will track the 
amplitude changes in the bubble detector signal resulting 
from the Vpo supply variations. 


Performance Characteristics 


Threshold Transfer Function 
at Various Temperatures 


Threshold Transfer Function 
at Various Supply Voltages 



-1 0123456789 10 
Vt-INPUT voltage (V) 



-1 01 234 56789 10 
Vt-INPUT voltage (V) 


Power Fail Trip Voltage 



1.0 1.1 1.2 1.3 1.4 1.5 

PFA INPUT VOLTAGE (V) 


Power Fail Trip Voltage 



1.0 1.1 1.2 1.3 1.4 1.5 


PFA INPUT VOLTAGE (V) 
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DS1617/DS3617 


AC Test Circuit and Switching Time Waveforms 




FIGURE 1. Output Load Circuit 


FIGURE 2. Delay, Set-Up and Hold Times 


3V 

STROBE INPUT 

OV 

OUTPUT 




SI AND S2 CLOSED 1.SV : 


tf = tf <10 ns 
10% TO 90% 



Note. Waveform 1 shows the output with internal conditions such that the output is 
' low except when disabled by the output disable input. Waveform 2 shows the output 

with internal conditions such that the output is high except when disabled by the 
output disable input. 

FIGURE 3. Propagation Delay from 

Strobe Input to Output FIGURE 4. Propagation Delay from Output Disable to Output 


DIFFERENTIAL 

INPUT 

(IN+-IN-) 


UNCLAMP 

INPUT 

lUC) 


STROBE 

INPUT 

(ST) 



tr = tfs10ns, 10% to 90% 

Note. To determine the sense amplifier threshold, the input signal amplitude, V|{sj, is 
varied around the set threshold value, Vj|-|, while monitoring the OUT pin on a scope. 
When V|f>) is close to the threshold, the output will switch between Logic 0 and 
Logic 1 due to the noise on the input signal. The mid value of the threshold can be 
determined by adjusting V||^ to obtain equal brightness of high (Vqh) and low (Vql) 
level output traces on the scope. In the above set-up, the signal is strobed after a 
300 ns delay to allow for any overshoot or transients to settle. This method results in 
accurate threshold measurement that is relatively independent of input signal rise 
time. But due to AC coupling of the preamp, with an effective time constant of 6 /is, 
the signal at the input of the comparator droops by 5% in 300 ns, which has to be ac- 
counted for. Hence, Vjh = V|n x 0-95- 

FIGURE 5. Sense Input Threshold Measurement 
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Typical Applications 


Bubble Memory Sense Amplifier with Adjustable Threshold and Bias Voltage 



Note. The control inputs are set up for clamp-strobe or peak-to-peak sensing 
Optional band limiting capacitor 


Bubble Memory Sense Amplifier with Internally Set A General Purpose Precision Sense Amplifier with the 

Threshold (3 mV typ) and Input Bias Voltage (7V typ) Threshold Controlled by an External Reference 



Note. The control inputs are set up for average-to-peak sensing 
‘Optional band limiting capacitor 


Vdd(12V) 
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DS1628/DS3628 


National 

Semiconductor 


Memory Support 


DS1628/DS3628 Octal TRI-STATE® MOS Drivers 

General Description Features 


The DS1628/DS3628 are octal Schottky memory drivers 
with TRI-STATE® outputs designed to drive high 
capacitive loads associated with MOS memory systems. 
The drivers' output (Vqh) 'S specified at 3.4 V to 
provide additional noise immunity required by MOS 
inputs. A PNP input structure is employed to minimize 
input currents. The circuit employs Schottky-clamped 
transistors for high speed. A NOR gate of two inputs, 
DIS1 and DIS2, controls the TRI-STATE mode. 


Features 

■ High speed capabilities 

— typ 5 ns driving 50 pF & 8 ns driving 500 pF 

■ TRI-STATE outputs 

■ - High Vqh (3.4 V min) 

■ High density 

— eight drivers and two disable controls for TRI- 
STATE in a 20-pin package 

■ PNP inputs reduce DC loading on bus lines 

■ Glitch-free power up/down 


Schematic and Connection Diagrams 


EQUIVALENT INPUT 


Dual-ln-Line Package 


EQUIVALENT OUTPUT 





(ONE INVERTER SHOWN ONLY) 


Order Number 

DS1628J, DS3628J, DS3628N 
See NS Package J20A or N20A 


Truth Table 


Typical Application 


Disable 

input 

DiS 1 

DiS 2 



H = high level 
L = low level 
X = don't care 
Z = high impedance (off) 


MULTIPLEX 

CONTROL 
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Absolute Maximum Ratings (Noteu Operating Conditions 





MUM 

MAX 

UNITS 

Supply Voltage 

7.0 V 

Supply Voltage (Vcc) 

4.5 

5.5 

V 

Logical ”1" Input Voltage 

7.0 V 

Temperature (T^) 




Logical "O” Input Voltage 

-1.5V 

DS1628 

-55 

+125 

°c 

Storage Temperature Range 

Maximum Power Dissipation* at 25 C 

-65°C to+150°C 

DS3628 

0 

+70 

°c 

Cavity Package 

1667 mW 





Molded Package 

1832 mW 





Lead Temperature (Soldering, 10 seconds) 

300°C 






* Derate cavity package 11.1 mW/°C above 25°C; derate molded 
package 14.7 mW/°C above 25°C. 


Eiectricai Characteristics (Notes 2 and 3) 


PARAMETER I 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) 

Logical "1” Input Voltage 


2.0 



V 

VlN(O) 

Logical "0" Input Voltage 




0.8 

V 

'IN(I) 

Logical "1” Input Current 

Vcc = 5.5 V 

V|N = 5.5V 



0.1 

40 

mA 

•lN(0) 

Logical "0” Input Current 

Vcc = 5.5V 

V|N = 0.5V 



-180 

-400 

mA 

VCLAMP 

Input Clamp Voltage 

Vcc = 4.5 V 

'in “ -18mA 



-0.7 

-1.2 

V 

Vqh 

Logical "V Output Voltage 

Vcc = 4.5 V 

Iqh " -IOmA 

DS1628 

3.4 

4.3 


V 

(No Load) 

DS3628 

3.5 

4.3 


V 

_J 

0 

> 

Logical "0” Output Voltage 

Vcc -4.5V 

'OL lO/iA 

DS1628 


0.25 

0.4 

V 

(No Load) 

DS3628 


0.25 

0.35 

V 

< 

0 

X 

Logical "1 " Output Voltage 

Vcc -4.5V 

'oh “ .0mA 

DS1628 

2.5 

3.9 


V 

(With Load) 

DS3628 

2.7 

3.9 


V 

Vql 

Logical "0" Output Voltage 
(With Load) 

VCC-4.5V 

IqL = 20mA 

— 

DS1628/DS3628 


0.35 

1 

0.5 

V 

'id 

Logical "1” Drive Current 

Vcc " 4.5 V 

VoUT=0V 

(Note 6) 


-150 


mA 

•OD 

Logical ''O'' Drive Current 

Vcc -4.5V 

VouT = 4.5V 

(Note 6) 


150 


mA 

Hi-Z 

TRI-STATE Output Current 

1 VquT = 0-4V to 2.4V D1S1 or DIS2 - 2.0V 

-40 

0.1 

40 

mA 




One DIS Input = 
All other Inputs = 

3.0 V 

^ X, Outputs at Hi-Z 


90 

120 

mA 

'cc 

Power Supply Current 

Vcc -5.5V 

DISl, DIS2 - OV, others = 3V 

Outputs on 


70 

100 

mA 




All Inputs = OV, Outputs off 


25 

50 

mA 


Switching Characteristics (vcc = sv, ta = 250 (Note 6 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ts+- 

Storage Delay Negative Edge 

(Figure 1 ) 

Cl= 50pF 


4.0 

5.0 

ns 

Cl = BOOpF 


6.5 

8.0 

ns 


Storage Delay Positive Edge 

(Figure 1 ) 

Cl - 50pF 


4.2 

5.0 

ns 

ts-+ 

Cl = 500pF 


6.5 

8.0 

ns 

tp 

Fall Time 

(Figure 1 ) 

Cl = 50pF 

1 

4.2 

6.0 

ns 

Cl = 500pF 


19 

22 

i' 

ns 

tR 

Rise Time 

(Figure 1 ) 

Cl= 50pF 


5.2 

7.0 

ns 

Cl = 500pF 


20 

24 

ns 

^ZL 

Delay from Disable Input to Logical "0" 

Level (from High Impedance State) 

Cl = 50pF 
to GND 

R L “ 2kS2 to Vcc 
(Figure 2) 


19 

25 

ns 

tZH 

Delay from Disable Input to Logical "1" 

Level (from High Impedance State) 

Cl = 50pF 
to GND 

Rl = 2kSi to GND 
(Figure 2) 


13 

20 

ns 

tLZ 

Delay from Disable Input to High Impedance 
State (from Logical "0" Level) 

Cl = 50pF 
to GND 

Rl = 400 to Vcc 
(Figure 3) 


18 

25 

ns 

tHZ 

Delay from Disable Input to High Impedance 
State (from Logical "1" Level) 

Cl = 50pF 
to GND 

Rl = 400^2 to GND 
(Figure 3) 


8.5 

15 

ns 
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DS1628/DS3628 




DS1628/DS3628 


AC Test Circuits and Switching Time Waveforms 


ts+-» tr» tf 




^ZH tzL 




FIGURE 2 



*ANY ONE OF EIGHT OUTPUTS 


tHZ 


Vcc 



tLZ 

Vcc 




FIGURE 3 


Note 1: "Absolute Maximum Ratings" are those values beyi^nd which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55°C to +125°C temperature range for the DS1628 and across the 0°C to 
+70°C range for the DS3628. All typical values are for T/s^ = 25°C and V^C = 5 V. 

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless 
otherwise noted. All values shown as max or min on absolute value basis. 

Note 4: The pulse generator has the following characteristics: Zqut = 5012 and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 5; C|_ includes probe and jig capacitance. 

Note 6; When measuring output drive current and switching response for the DS1628 and DS3628 a 1512 resistor should be placed in series with 
each output. 
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^ National 
mii Semiconductor 

DS1644/DS3644, DS1674/DS3674 Quad TTL to MOS 


Memory Support 


Clock Drivers 

General Description 

The DS1644/DS3644 and DS1674/DS3674 are quad 
bipolar-to-MOS clock drivers with TTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MO,S memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The DS1644/DS3644 contains a lOfi resistor in series 
with each output to dampen the transients caused by 
the fast-switching output, while the DS1674/DS3674 


has a direct, low impedance output for use with or 
without an external damping resistor. 

Features 

■ TTL compatible inputs 

■ 12V clock or 5V clock driver 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function compatible with MC3460 and 
3235 

■ Built-in damping resistors (DS1644/DS3644) 


Schematic and Connection Diagrams 


Vcci Vcc3 



*DS1644/DS3644 only 

Dual-1 n-Line Package 



Order Number DS3644J, DS3674J, 
DS3644N or DS3674N 
See NS Package J16A or N16A 
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DS1644/DS3644, DS1674/DS3674 



DS1644/DS3644) DS1674/DS3674 


Absolute Maximum Ratings (Note d 

Supply Voltage 

Vcci 7V 

Vcc2 13.5V 

Vcc3 16V 

Input Voltage -1 .OV to +7V 

Output Voltage -1 .OV to +1 6V 

Storage T emperatu re Range -65° C to +1 50° C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

*Derate cavity package 10.1 mW/°C above 25° C; derate molded 
package 1 1 .8 mW/° C above 25° C. 


Operating Conditions 


Supply Voltage 

Vcci 

DS 1 644, DS 1674 
DS3644, DS3674 
VCC2 

DS1644, DS1674 
DS3644, DS3674 
VCC3 

DS1644, DS1674 
DS3644, DS3674 
Temperature, T/^ 
DS1644. DS1674 
DS3644, DS3674 


Electrical Characteristics 

5V operation, (Vcci = VcC2 = 5V, VcC3 = 12V); 12V operation, (Vcci “ 5V, VcC2 " 12V, VcC3 VcC2 + (3V ±10%)); 
DS1644, DS1674, ±10% power supply tolerances; DS3644, DS3674, ±5% power supply tolerances, unless otherwise noted. 
(Notes 2, 3 and 4). 


CONDITIONS 


PARAMETER 

V|H 

Logical "1" Input Voltage 

V|L 

Logical “0" Input Voltage 

•iH 

Logical "1" Input Current 

•IL 

Logical "0" Input Current 


Input Clamp Voltage 


Logical "1" Output Voltage 


L Logical "0" Output Voltage 


Vqc Output Clamp Voltage 


•CCH Supply Current Output High 

•cci 


ICC2 


•CC3 


ICC2 


I CCS 


ICCL Supply Currents Outputs Low 

icci 


ICC2 


' ICC3 



l| = -12mA 


•oh " ~1 V|L = 0.8V 


IOL = 5mA, V|h = 2.0V 


IOC = 5mA, V|l = 0.8V 


All Inputs V|N = OV 
Outputs Open 


All Inputs Vjiyj = 5V 
Outputs Open 


12V Operation 


5V Operation 


Vcci = 5.25V 


VcC2= 12.6 V 


VCC3= 15.75 V 


Switching Characteristics Ta = 25°C unless otherwise noted, (Note 4), (Figures 1, 2, 3 and 4} 


CONDITIONS 



Cl= 100 pF 


Cl = 400 pF 


Rq = 10 si 


RD = 10S7 

rq = ion 



Cl = 400 pF 
Cl= 100 pF 


Cl = 400 pF 


Cl= 100 pF 
Cl = 400 pF 
Cl= 100 pF 
Cl = 400 pF 
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Notes 

Note1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS1644, DS1674 and across the 
0°C to +70°C range for the DS3644, DS3674. All typicals are given for Ty!\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4; For AC measurements, a lOH resistor must be placed in series with the output of the DS1674/DS3674. This resistor is internal to the 
DS1644/DS3644 and need not be added. 


AC Test Circuits and Switching Time Waveforms 


5V 12V 15V 



FIGURE 1. 12V Operation 



FIGURE 2. 12V Operation 


5V 5V 12V 



FIGURE 3. 5V Operation 



Note 1 : The pulse generator has the following characteristics. PPR = 1 MHz, tp < 10 ns, Zqut “ 50n. 
Note 2: Cl includes probe and jig capacitance. 


Truth Table 


INPUT 


ENABLE 

1 

ENABLE 

2 

SELECT 

INPUT 

CLOCK 

INPUT 

REFRESH 

INPUT 

OUTPUT 

1 

X 

X 

X 

X 

0 

X 

1 

X 

X 

X 

0 

X 

X 

X 

1 

X 

0 

X 

X 

1 

X 

1 

0 

0 

0 

0 

0 

X 

1 

0 

0 

X 

0 

0 

1 
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DS1644/DS3644 DS1674/DS3674 






DS1645/DS364S, DS1675/DS3675 


^ National 
djt Semiconductor 


Memory Support 


DS1645/DS3645^ DS1675/DS3675 Hex TRI-STATE® TTL to 
MOS Latches/Drivers 


General Description 

The DS1645/DS3645 and DS1 675/DS3675 are hex 
MOS latches/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The DS1645/DS3645 has a 15r2 resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1675/DS3675 
has a direct, low impedance output for use with or 
without an external resistor. 


The circuit employs a fall-through-latch which captures 
the data In parallel with the output, thereby eliminating 
the delay normally encountered In other latch circuits. 
The DS1645/DS3645 and DS1675/DS3675 may be 
used for Input address lines or input/output data lines 
of a MOS memory system. 

Features 

■ TTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ TRI-STATE outputs 

■ Built-in damping resistor (DS1645/DS3645) 


Logic and Connection Diagrams 


1 _. 

DATA B o-c: 
DATA C o-o: 
DATA D cHz; 
DATA E 

DATA F 


I"— Qgp 

1--OQe 

O Cp 


Dual-In-Line Package 

DATA F 5f DATA E “e DATA D , S 



IN DATA A Qa DATA B Qb DATA C Qc GI 
TOP VIEW 

Order Number DS1645J, DS1675J, DS3645J, 
DS3675J, DS3645N or DS3675N 
See NS Package J16A or N16A 


Truth Table 


INPUT 

ENABLE 

OUTPUT 

DISABLE 

DATA 

OUTPUT 

OPERATION 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Data Present 
when Enable Went Low 

X 

1 

X 

Hi-Z 

High Impedance Output 


X = Don't care 

Hi-Z = TRI-STATE mode 
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Absolute Maximum Ratings (Notei) Operating Conditions 


Supply Voltage, Vqq 

7V 

Supply Voltage (Vcc) 

MIN 

4.5 

MAX 

5.5 

UNITS 

V 

Logical "1" Input Voltage 

Logical "0" Input Voltage 

7V 

-1.5V 

Temperature (T^) 

DS1645, DS1675 

-55 

+125 

°c 

Storage Temperature Range 

-65°C to +150°C 

DS3645, DS3675 

0 

+70 

°c 

Maximum Power Dissipation* at 25 C 

Cavity Package 

Molded Package 

Lead Temperature (Soldering, 10 seconds)- 

1433 mW 

1362 mW 

300°C 





•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


V||\](i) Logical "1 " Input Voltage 





V 

V|N(0) Logical "0" Input Voltage 




0.8 

V 

l|N{1) Logical "1" Input Current 

V|N = 5.5V 
Vcc = 5.5V 

Enable Inputs 


0.1 

40 

IjlA 

Data Inputs 


0.2 


AiA 

hN(0) Logical "0" Input Current 

V|n = 0.5V 
Vcc = 5.5V 

Enable Inputs 


-50 

-250 

juA 

Data Inputs 


m^n 

beb 

/iA 

VCLAMP Input Clamp Voltage 

Vcc = 4.5V, l|N = -18mA 


moi 

BB 

V 

Vqh Logical "1" Output Voltage 

(No Load) 

Vcc = 4.5V, Iqh = -10 MA 

DS1645, DS1675 

n 

lEB 


V 

DS3645, DS3675 


HOB 


V 

VqL Logical "0" Output Voltage 

(No Load) 

Vcc = 4.5V, IOL= 10 mA 

DS1645, DS1675 


BB! 

0.4 

V 

DS3645, DS3675 


0.25 


V 

Vqh Logical "1" Output Voltage 

(With Load) 

Vcc 4.5V, Iqh -10 mA 

DS1645 

mm 

3.5 


V 

DS1675 




V 

DS3645 




V 

DS3675 

wm 



V 

^OL Logical "0" Output Voltage 

(With Load) 

I 

Vcc = 4.5V, loL = 20mA 

i 

DS1645 


0.6 

1.1 

, V 

DS1675 


0.4 

0.5 

V 

DS3645 


0.6 

1.0 

V 

DS3675 


■a 

0.5 

V 

l|D Logical "1" Drive Current 

Vcc ” 4.5V, VquT OV, (Note 4) 




mA 

Iqd Logical “0" Drive Current 

Vcc = 4.5V, VoUT = 4.5V, (Note 4) 


150 


mA 

IHZ TRI-STATE Output Current 

VOUT = 0.4V to 2.4V, Output Disable = 2.0V 

-40 


mm 

UiA 

ICC Power Supply Current 

Vcc= 5.5V 

Output Disable = 3V 

All Other Inputs = OV 


60 


mA 

Input Enable = 3V 

All Other Inputs = OV 

■ 

40 

iiiiiiiiiii 

mA 


Notei: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1645 and 051675 and 
across the 0°C to +70°C range for the DS3645 and DS3675. All typical values are for T/^ = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1675 and DS3675 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1645/DS3645, and need not be added. 
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DS1645/DS3645, DS1675/DS3675 







































Switching Characteristics Vcc “ 5V, Ta = 25° C, unless otherwise noted. (Note 4) 


PARAMETER 


Storage Delay Negative Edge 


Storage Delay Positive Edge 


(Figure 1) 


(Figure 1) 


(Figure 1} 


(Figure 1) 


CONDITIONS 


Cl = 50 pF 
Cl = 500 pF 

Cl = 50 pF 
Cl = 500 pF 


Cl = 50 pF 
Cl = 500 pF 

Cl = 50 pF 
Cl = 500 pF 


MIN TYP 


^SET-UP Set-Up Time on Data Input 
Before Input Enables Goes 
Low 

^HOLD Ho'd Time on Data Input 

After Input Enable Goes 
Low 

tw Minimum Width of 

Enable Pulse to 
Latch Data 

tZL Delay from Disable Input to Cl = 50 pF, Rl = 2 to Vcc» (Figure 2} 

Logical "0" Level (from High 
Impedance State) 

tzH Delay from Disable Input to Cl = 50 pF, Rl = 2 to Ground, (’F/g't/re 2;) 

Logical "1" Level (from High 
Impedance State) 

tLZ Delay from Disable Input to Cl = 50 pF, Rl = 40012 to VcC/ (Figure 3) 

High Impedance State (from 
Logical "0" Level) 

tHZ Delay from Disable Input to Cl = 50 pF, Rl = 40012 to Ground, (Figure 3) 

High Impedance State (from 
Loglcar'1" Level) 



Schematic Diagram 


EQUIVALENT INPUT 


EQUIVALENT OUTPUT 




*DS1645/DS3645 only 
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AC Test Circuits and Switching Time Waveforms 

^S+-> ^S-+’ tR, tp 



Note 1: The pulse generator has the following characteristics: Zqijj = 50 fi and PRR < 1 MHz. Rise 
and fall times between 10% and 90% points < 5 ns. 

Note 2: Cl includes probe and jig capacitance. 

FIGURE 1 


tZH 




FIGURE 2 




DS1645/DS3645. DS1675/DS3675 


AC Test Circuits and Switching Time Waveforms (Continued) 

tHZ tLz 





*lnternal on DS1645and DS3645 
FIGURE 3 

Operating Waveforms 

Using TRI-STATE TRI-STATE Disabled 



*When the Input Enable makes a positive transition the output will be indeterminate for a short duration. 
The positive transition of the Input Enable normally occurs during a don't-care timing state at the output. 


Typical Applications 

The DS3645 and DS3675 latch/driver has TRI-STATE 
outputs, which allows the outputs to be tied with those 
of another TRI-STATE driver, such as the DS3646 and 


DS3676 refresh counter. The DS3645 and DS3675 can 
be disabled while the alternate driver controls the address 
lines into the memory system. 


DATA 

INPUTS 


r 





DS3645/ 


DS3675 

DRIVER 


LATCH 



< 



REFRESH . 
CONTROL ‘ 


OUTPUT 

ENABLE 


OUTPUT 

DISABLE 


DS3646/ 

OS3676 

REFRESH 

COUNTER 


MOS MEMORY 
SYSTEM 
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National Memory Support 

Semiconductor 

DS1647/DS3647, DS16777DS3677, DS16147/DS36147, 
DS161777DS36177 Quad TRI-STATE® MOS Memory 
I/O Registers 

General Description 

The DS1647/DS3647 series are 4-bit I/O buffer registers 
intended for use in MOS memory systems. The circuits 
employ a fall-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 

The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors'so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi- 
directional so that the register can handle both input and 
output data. The direction of data flow Is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Data can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis- 
ters on the same data lines. 

The "B” port outputs in the DS16147/DS36147 and 
DS16177/DS36177 are open collectors, and in the 


DS1647/DS3647 and DS1677/DS3677 they are TRI- 
STATE. The "B" port outputs are also designed for use 
In bus organized data transmission systems and can sink 
80 mA and source —5.2 mA. The "A" port outputs in 
all four types are TRI-STATE. 

Data going from port "A" to port "B" is inverted in the 
DS1647/DS3647 and DS16147/DS36147 and is not 
inverted in the DS1677/DS3677 and DS161 77/DS36177. 
Data going from port "B" to port "A" is inverted in 
all four types. 

Features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control 

■ Bi-directional data flow 

■ TTL compatible 

■ Transmission line driver output 



Logic and Connection Diagrams 


I , 1 



* Inverting DS1647/DS3647 and DS16147/DS36147 only 
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DS1647/DS3647, 081677(033677, 
0S1614770S36147, 0816177/0836177 



DS1647/DS3647, DS16777DS3677, 
DS16147?[)S3ei47, 0816177/0836177 


Absolute Maximum Ratings (Note 1) Operating Conditions 


MIN MAX UNITS 


Supply Voltage 

7V 

Supply Voltage (Vqq) 

4.5 

5.5 

V 

Input Voltage 

-1 .5V to +7V 

Temperature (T^) 




Storage Temperature Range 

-65°Cto+150°C 

DS1647, DS1677, DS16147, 

-55 

+125 

°C 

Maximum Power Dissipation* at 25°C 


DS16177 




Cavity Package 

1509 mW 

DS3647. DS3677. DS36147, 

0 

+70 

°C 

Molded Package 

1476 mW 

DS36177 




Lead Temperature (Soldering, 10 seconds) 

300° C 






* Derate cavity package 10.1 mW/°C above 25° C; derate molded 
package 1 1 .8 mW/° C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) Logic "1" Input Voltage 


2.0 



V 

V|N(0) Logic "0" Input Voltage 




■a 

V 

l||\l(i) Logic "1 " Input Current 

Vcc= 5.5V, V|N = 5.5V 

Latch, Disable Inputs 


0.1 

40 

UlA 

Expansion 


0.2 

80 

UiA 

A Ports, B Ports 


0.2 

100 

IJiA 

Enable Inputs 


0.4 

200 

ma 

l|N(0) Logic "0" Input Current 

Vcc= 5.5V, V|N = 0.5V 

Latch, Disable Inputs 


-25 

-250 

iuA 

Expansion 


-50 

-500 

HA 

A Ports, B Ports 


-50 

-500 

fiA 

Enable, Inputs 


-0.1 

-1.25 

mA 

VCLAMP Input Clamp Voltage 

Vcc = 4.5V, l|N = -18mA 


-0.6 

-1.2 

. V 

VOL(A) Logic "0" Output Voltage 

A Ports 

Vcc = 4.5V, IoL = 20 mA 


0.4 

0.5 

V 

VOL(B) Logic "0" Output Voltage 

B Ports 

VCC = 4.5V 

•OL = 30 mA 


0.3 

0.4 

V 

lOL “ 50 mA 


0.4 

0.5 

V 

VoH{A) Logic "1" Output Voltage 

A Ports 

•oh = -1 mA 

Vcc = 5V ^ 

3.0 

3.4 


V 

Vcc = 4.5V 

2.5 

3.4 


V 

VOH(B) Logic "1" Output Voltage 

B Ports 

lOH = —5.2 mA, (Note 4) 

Vcc = 5V 

2.9 

3.3 


V 

Vcc = 4.5V 

2.4 

3.3 


V 

lOS(A) Output Short-Circuit Current 

A Port 

Vcc = 4.5V to 5.5V, VquT = OV, (Note 5) 

-30 

-50 

-100 

mA 

lOS(B) Output Short-Circuit Current 

B Port 

Vcc 4.5V to 5.5V, VquT = OV, (Notes 4 and 5) 

-30 

-60 

-100 

mA 

ICC Power Supply Current 

Exp = 3V, A Ports = OV, 

B Ports Open, All Other Pins = OV 

DS1647, DS16147 


100 

no 

mA 

DS3647, DS36147 


100 

140 

mA 

Enable A, Latch = 3V, A Ports = 

OV, B Ports Open, All Other 

Pins = OV 

DS1647, DS16147 


70 

80 

mA 

DS3647, DS36147 


70 

105 

mA 

Exp = 3V, A Ports = OV, 

B Ports Open, All Other Pins = OV 

DS1677, DS16177 


105 

115 

mA 

DS3677,DS36177 


105 

145 

mA 

Enable A, Latch, A Ports = 3V, 

B Ports Open, All Other Pins = OV 

DS1677, DS16177 


75 

85 

mA 

DS3677, DS36177 


75 

no 

mA 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55° C to +125°C temperature range for the DS1647, DS1677, DS16147, 
DS16177 and across the 0°C to +70°C range for the DS3647, DS3677, DS36147, DS36177. All typicals are given for Vqc = 5V and T/\ = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Not applicable to DS16147/DS36147 or DS16177/DS36177. 

Note 5: Only one output at a time should be shorted. 
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Switching Characteristics (vcc = 5v, ta = 25°c) 

PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS 

DATA TRANSFER B PORT TO A PORT. ALL DEVICES 

tpdO Piopagation Delay to a Logic "0" 

Cl = 50 pF, Rl = 280 ^2, 
(Figures 1 and 4) 


7.5 

15 

ns 

^pdl Propagation Delay to a Logic "1” 

Cl = 50pF, Rl = 280 O, 
(Figures 1 and 4) 


6.0 

12 

ns 

A PORT CONTROL FROM OUTPUT DISABLE A INPUT, ALL DEVICES | 

tLZ Delay to High Impedance from 

Logic "0" 

(Figures 1 and 5) 


13 

20 

ns 

tHZ Delay to High Impedance from 

Logic "1 " 

(Figures 1 and 6) 




ns 

t2L Delay to Logic "0" from High 

Impedance 

(Figures 1 and 7) 


m 


ns 

tZH Delay to Logic "1 " from High 

Impedance 

(Figures 1 and 8) 


m 


ns 

DATA TRANSFER A PORT TO B PORT, DS1647/DS3647 | 

tpdO Propagation Delay to a Logic "0" 

Cl = 50pF, Rl= 100^2, 
(Figures 2 and 4} 


6.5 

12 

ns 

tpdl Propagation Delay to a Logic "1" 

Cl = 50 pF, Rl-= 100^2, 
(Figures 2 and 4) 


8.0 

15 

ns 

I DATA TRANSFER A PORT TO B PORT, DS1677/DS3677 | 

tpdO Propagation Delay to a Logic "0" 

Cl = 50pF, Rl= 100 a, 
(Figures 2 and 4) 




ns 

tpdl Propagation Delay to a Logic "1" 

Cl = 50 pF, rl= 100 n, 
(Figures 2 and 4} 




ns 

DATA TRANSFER A PORT TO B PORT DS16147/DS36147 | 

tpdO Propagation Delay to a Logic “0" 

Cl = 50 pF, (Figures 3 and 4} 


18 

25 

ns 

tpdl Propagation Delay to a Logic "1" 

Cl = 50 pF, (Figures 3 and 4) 


7.0 

15 , 

ns 

DATA TRANSFER A PORT TO B PORT, DS16177/DS36177 | 

^pdO Propagation Delay to a Logic "0" 

Cl = 50 pF, (Figures 3 and 4) 


13.5 

21 

ns 

^pdl Propagation Delay to a Logic “1" 

Cl = 50 pF, (Figures 3 and 4) 


18 

25 

ns 

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS1647/DS3647, DS1677/DS3677 | 

tLZ Delay to High Impedance from 

Logic "0" 

(Figures 2 and 5) 


15 

25 

ns 

tHZ Delay to High Impedance from 

Logic "1 " 

(Figures 2 and 6) 



20 

ns 

tZL Delay to Logic "0" from High 

Impedance 

(Figures 2 and 7) 


10 

16 

ns 

tzH Delay to Logic “1 " from High 

^ Impedance 

(Figures 2 and 8) 


25 

35 

ns 

B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS16147/DS36147, DS16177/DS36177 | 

tLZ Delay to High Impedance from 

Logic "0" 

(Figures 3 and 5) 


15 

25 

ns 

tZL Delay to Logic "0" from High 

Impedance 

(Figures 3 and 7} 


11 

17 

ns 

LATCH SET-UP AND HOLD TIMES, ALL DEVICES | 

.tSET-UP Set-Up Time of Data Input Before 

Latch Goes Low 



0 


ns 

tHOLD Hold Time of Data Input After 

Latch Goes Low 


0 



ns 
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DS1647/DS3647, DS16777DS3677, 
DS161477DS36147, DS161777DS36177 






































Product Description 


DEVICE NUMBER 

DS1647/DS3647 

DS1677/DS3677 

DS16147/DS36147 

DS16177/DS36177 


B PORT TO A PORT A PORT TO B PORT 
FUNCTION FUNCTION 

Inverting Inverting 

Inverting Non-Inverting 

Inverting Inverting 

Inverting Non-Inverting 


A PORT OUTPUTS B PORT OUTPUTS 


TRI-STATE 
TRI-STATE 
TR I -STATE 


Open-Collector 

Open-Collector 


Truth Table 


OUTPUT DISABLES 


A PORTS 
EXPANSION A1-A4 

ALL DEVICES 


B PORTS B PORTS 

B1-B4 B1-B4 

DS1647, DS16147 DS1677, DS16177 

DS3647, DS36147 DS3677, DS3B177 




Data stored which is present 
when latch goes low 


AC Test Circuits 




FIGURE 1. A Port Load, All Circuits 


FIGURE 2. B Port Load, DS3647, DS3677 


50pF _ , >200 

(NOTED < 


FIGURE 3. B Port Load, DS36147, DS36177 


Note 1 : Cl includes probe and jig capacitance. 
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Operating Waveforms 

Using TRI-STATE® 


OATA 

INPUT 


INPUT 

ENABLE 


- — INPUT DATA VALID 

/ ^ 


TRI-ST ATE"^ Disabled 
— INPUT DATA VALID- 


xzrz: 




/ 




OUTPUT 

DISABLE 


m ^ 




^ 

JJJJU 


OUTPUT 

TRI-STATE 


^ DATA 
LATCHED 


_ OUTPUT _ 
ACTIVE 


OUTPUT 

TRISTATE 




I data 

r FEED-THROUGH"* 


DATA 

LATCHED 


-OUTPUT ACTIVE- 


when the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of 
the Input Enable normally occurs during a don't-care timing state at the output. 


Switching Time Waveforms 


tpdO *pd1 


INPUT 1 

ov— / 

|ei.5V 

1.5V 3 


tpdO 

— 

— 

tpdt 

OUTPUT 

(INVERTED) 


^.5V 


_/ 

— 

^pdl 1-^ 

— 

tpdO 


OUTPUT 

(NON-iNVERTED) 




1.5 V 


Input Characteristics: f = 1 MHz, tpj = tp < 5 ns (10% to 90% points), duty cycle = 50%, Zqut = 50 

FIGURE 4 


tLZ 


tH2 



LOGIC "I", 
r VOLTAGE 


Hl-Z 



1.5V 




tZL 


FIGURE 6 

tZH 
3V— V 


— 



n.-^— ^ 


OUTPUT 

LOGIC "0" 

N t 

VOLTAGE 

1 

0.5V 

FIGURE? 



LOGIC "1"_ 
VOLTAGE 



r 

— 


1— 'ZH 


2 


T 

0.5V 


FIGURE 8 
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DS1647/DS3647, DS16777DS3677, 
DS16147/DS36147, DS161777DS36177 




DS1647/DS3647, DS16777DS3677, 
DS161477DS36147, 081617770836177 


Schematic Diagram 


Typical Application 


The diagram below shows how the DS3677 can be used 
as a register capable of multiplexing data lines. 



Note. Data pins A1 — A4 and B1 — B4 consist of 
an input and an output tied together. 



TO DS3677 INPUT ENABLES 



TO DS3B77 LATCH INPUTS 
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National 

Semiconductor 


Memory Support 


DS1648/DS3648, DS1678/DS3678 TRI-STATE® TTL to MOS 
Multiplexers/Drivers 


General Description 

The DS1648/DS3648 and DS1678/DS3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TRI-STATE outputs for bus operation. 

The DS1648/DS3648 has a 15 ^2 resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output. The DS1678/DS3678 has a direct. 


low Impedance output for use with or without an 
external resistor. 

Features 

■ TRI-STATE outputs interface directly with system 
bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 

■ TTL compatible 

a High-speed capacitive load drivers 
B Built-in damping resistor (DS1648/DS3648 only) 


Logic and Connection Diagrams 



Dual-1 n-Line Package 

INPUTS INPUTS 



TOP VIEW 

Order Number DS1648J, DS3648J, DS1678J, 
DS3678J, DS3648N or DS3678N 
See NS Package J16A or N16A 


Schematic Diagram 


EQUIVALENT INPUT EQUIVALENT OUTPUT 
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DS1648/DS3648, DS1678/DS3678 



DS1648;DS3648, DS1678/DS3678 


Absolute Maximum Ratings (Note 1) Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage (Vcc) 

4.5 

5.5 

V 

Logical "I " Input Voltage 

7V 

Temperature (Ta) 




Logical "0" Input Voltage 

-1 .5V 

DS1648, DS1678 

-55 

+125 

°C 

Storage Temperature Range 

-65°Cto +150°C 

DS3648, DS3678 

0 

+70 

°C 

Maximum Power Dissipation* at 25°C 






Cavity Package 

1433 mW 





Molded Package 

1362 mW 





Lead Temperature (Soldering, 10 seconds) 

300° C 






^Derate cavity package 9,6 mW/° C above 25° C; derate molded 
package 10.9 mW/°C above 25° C. 


Eiectricai Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) Logical "1" Input Voltage 


2.0 



V 

V|N(0) Logical "0" Input Voltage 




0.8 

V 

l||\|( 1 ) Logical "1" Input Current 

Vcc = 5.5V, V|N = 5.5V 


0.1 

40 

UiA 

l|N(0) Logicar'O" Input Current 

Vcc = 5.5V, V|N = 0.5V 


-50 

-250 

juA 

VCLAMP Input Clamp Voltage 

Vcc ~ 4.5V, l|(\i = —18 mA 


-0.75 

-1.2 

V 

Vqh Logical "1 " Output Voltage 

(No Load) 

Vcc = 4.5V, IOH = -IOmA 

DS1648/DS1678 

2.7 

3.6 


V 

DS3648/DS3678 

2.8 

3.6 


V 

Vql Logical "0" Output Voltage 

(No Load) 

Vcc = 4.5V, l0L= 10 mA 

DS1648/DS1678 


0.25 

0.4 

V 

DS3648/DS3678 


0.25 

0.35 

V 

Vqh Logical "1 " Output Voltage 

(With Load) 

Vcc = 4.5V, lOH = -10 mA 

DS1648 

2.4 

3.5 


V 

DS1678 

2.5 

3.5 


V 

DS3648 

2.6 

3.5 


V 

DS3678 

2.7 

3.5 


V 

VOL Logical "0" Output Voltage 

(With Load) 

Vcc = 4.5V, IOL = 20mA 

DS1648 


0.6 

1.1 

V 

DS1678 


0.4 

0.5 

V 

DS3648 


0.6 

1.0 

V 

DS3678 


0.4 

0.5 

V 

ItQ Logical "1 " Drive Current 

Vcc = 4.5V, VquT = OV, (Note 4) 


-250 


mA 

Iqd Logical "0" Drive Current 

Vcc = 4.5V, VoUT = 4.5V, (Note 4) 


150 


mA 

iHi-Z TR l-STATE Output Current 

VoUT 0.4V to 2.4V, Output Control = 2.0V 

-40 


40 

/iA 

Ice Power Supply Current 

Vcc = 5.5V 

Output Control = 3V 

All Other Inputs at OV 


42 

60 

mA 

All Inputs at OV 


20 

32 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1648 and DS1678 and across 
the 0°C to +70°C range for the DS3648 and DS3678. All typical values are for T/\ = 25°C and Vcq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 15 JTi resistor should be placed in series with 
each output. This resistor is internal to the DS1648/DS3648 and need not be added. 


6-42 




Switching Characteristics (vcc = 5 v,ta = 25“c) (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tS+_ Storage Delay Negative Edge 

(Figure 1) 

Cl = 50 pF 


5 

7 

ns 

Cl 500 pF 


9 

12 

ns 

ts— + Storage Delay Positive Edge 

(Figure 1) 

Cl = 50 pF 


6 

8 

ns 

Cl = 500 pF 


9 

13 

ns 

tp Fall Time 

(Figure 1) 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


22 

35 

ns 

tR Rise Time 

(Figure 1) 

Cl = 50 pF 


6 

9 

ns 

Cl = 500 pF 


22 

35 

ns 

tzL Delay from Output Control Input to Logical "0" 

Level (from High Impedance State) 

Cl = 50 pF, Rl = 2 kn to Vcc. 
(Figure 2) 


10 

15 

ns 

tzH Delay from Output Control Input to Logical "1" 

Level (from High I mpoclance State) 

Cl = 50 pF, Rl = 2 kF2 to Gnd, 
(Figure 2) 


8 

15 

ns 

tLZ Delay from Output Control Input to High Impedance 

State (from Logical "0" Level) 

Cl = 50pF, Rl = 400 ^2 to Vcc. 
(Figure 3) 


15 

25 

ns 

tHZ Delay from Output Control Input to Fligh Impedance 

State (from Logical "1” Level) 

Cl = 50pF, RL = 400n to Gnd, 
(Figures) 


10 

25 

ns 

ts+_ Propagation Delay to Logical "0” Transition When 

Select Selects A 

Cl 50 pF, (Figure 1} 


12 

15 

ns 

ts_+ Propagation Delay to Logical "1 " Transition When 

Select Selects A 

Cl = 50 pF, (Figure 1) 


14 

17 

ns 

ts+— Propagation Delay to Logical "0" Transition When 

Select Selects B 

Cl = 50 pF, (Figure 1} 


16 

20 

ns 

ts_+ Propagation Delay to Logical "1" Transition When 

Select Selects B 

Cl = 50 pF, (Figure 1) 


14 

20 

ns 


AC Test Circuits and Switching Time Waveforms 


tS 4 — ts_+,tR,tF 





Note 1: The pulse generator has the following characteristics: ZquT = 50 and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 


Note 2: C|_ includes probe and jig capacitance. 

FIGURE 1 


tZH 


tZL 




FIGURE 2 
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DS1648/DS3648, DS1678/DS3678 




DS1648/DS3648, DS1678/DS3678 


AC Test Circuits and Switching Time Waveforms (Continued) 


*HZ tLZ 




*lnternal on DS1648 and DS3648 


FIGURE 3 


Truth Table 


OUTPUT 

CONTROL 

INPUTS 


SELECT 

A 

B 

OUTPUTS 

H 

X 

X 

X 

Hi-Z 

L 

L 

L 

X 

H 

L 

L 

H 

X 

L 

L 

H 

X 

L 

H 

L 

H 

X 

H 

L 


H = High level 
L = Low level 
X = Don't care 
Hi-Z = TRI-STATE mode 


Typical Applications 


Addressing 16k RAM 
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Typical Applicationsicontinuedi 


Refreshing Using TRI-STATE Counter 



2:1 Multiplexing of RAM Outputs 
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DS1648/DS3648, DS1678/DS3678 




DS1649/DS3649, DS1679/DS3679 


National Memory Support 

Semiconductor 
DS1649/DS3649, DS1679/DS3679 Hex TRI-STATE® TTL to 
MOS Drivers 

General Description 

The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and TRI-STATE outputs for bus operation. 

The DS1649/DS3649 has a 15 resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output, The DS1679/DS3679 has a direct low 


impedance output for use with or without an external 
resistor. 

Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 30 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 damping resistor (DS1649/DS3649) 

■ Same pin-out as DM8096 and DM74366 



Schematic Diagram 


EQUIVALENT INPUT EQUIVALENT OUTPUT ^Cc 



Truth Table 


DISABLE INPUT 

INPUT 

OUTPUT 

DIS 1 

DIS 2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

Hi-Z 

1 

0 

X 

Hi-Z 

1 

1 

X 

Hi-Z 


X = Don't care 

Hi-Z = TRI-STATE mode 


Connection Diagram 


Typicai Appiication 


Dual-In-Line Package 



m 


T6 INS 

L!3 U 

H 

iHI 


1 


|g 

1 

m 

ii 

m 

■ 


■P 

m 

B 


m 

m 


■1 

H 

IHH 


TOP VIEW 


Order Number DS1649J, DS3649J, 
DS1679J, DS3679J, DS3649N or DS3679N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage 7.0V 

Logical ”1" Input Voltage 7.0V 

Logical “O" Input Voltage - -1.5V 

Storage Tennperature Range -65°C to +150°C 

Maximum Power Dissipation at 25°C 

Cavity Package 1371 mW 

Molded Package 1280 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 2 and 3) 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vqq) 

4.5 

5.5 

V 

Temperature (T/^) 

DS1649, DS1679 

-55 

+125 

°c 

DS3649, DS3679 

0 

+70 

°c 


Derate cavity package 9.1 mW/°C above 25° C; derate molded 
package 10.2 mW/°C above 25° C. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) Logical "1 " Input Voltage 


2.0 



V 

V|N( 0 ) Logical "0" Input Voltage 




0.8 

V 

l|N(1) Logicar'1" Input Current 

Vcc = 5.5V V|n = 5.5V 


0.1 

40 

;jA 

l|N(0) Logical "0" Input Current 

Vcc = 5.5V V|n = 0.5V 


-50 

-250 

/iA 

VCLAMP Input Clamp Voltage 

Vcc = 4.5V l|N = -18mA 


-0.75 

-1.2 

V 

Vqh Logical "1 ” Output Voltage 

(No Load) 

Vcc = 4.5V lOH^-fOfxA 

DS1649/DS1679 

2.7 

3.6 


V 

DS3649/DS3679 

2.8 

3.6 


V 

Vql Logical "O'* Output Voltage 

(No Load) 

Vcc = 4.5V IoL = 10mA 

DS1649/DS1679 


0.25 

0.4 

V 

DS3649/DS3679 


0.25 

0.35 

V 

Vqh Logical "1” Output Voltage 

(With Load) 

Vcc “4.5V lOH'—l OrnA 

DS1649 

2.4 

3.5 


V 

DS1679 

2.5 

3.5 


V 

DS3649 

2.6 

3.5 


V 

. DS3679 

2.7 

3.5 


V 

VOL Logical "0” Output Voltage 

(With Load) 

Vcc “4.5V IOL"20mA 

DS1649 


0.6 

1.1 

V 

DS1679 


0.4 

0.5 

V 

DS3649 


0.6 

1.0 

V 

DS3679 


0.4 

0.5 

V 

l|D Logical "1" Drive Current 

VoUT = 0V 

Vcc = 4.5V ' 

(Note 4) 


-250 


mA 

•OD Logical "0" Drive Current 

V, VouT = 4.5V 

Vcc = 4.5V 

(Note 4) 


150 


mA 

Hi-Z TRI-STATE Output 

Current 

VqUT = 0.4V to 2.4V 

DISI or DIS2 = 2.0V 

-40 


40 

AiA 

•CC Power Supply Current 

Vcc = 5.5V 

One DIS Input = 3.0V 

All Other Inputs = X 


42 

75 

mA 

All Inputs = OV 


11 

20 1 

mA 


Switching Characteristics (vcc = 5v, ta = 25°c) (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tS 4 -_ Storage Delay Negative Edge 

(Figure 1) 

Cl = 50 pF 


4.5 

7 

ns 

Cl = 500 pF 


7.5 

12 

ns 

ts— + Storage Delay Position Edge 

(Figure 1} 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


8 

13 

ns 

tp Fall Time 

(Figure 1) 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


22 

35 

ns 

tR Rise Time 

(Figure 1} 

Cl = 50 pF 


6 

9 

ns 

Cl = 500 pF 


21 

35 

ns 

tzL Delay from Disable Input to Logical "0" 

Level (from High Impedance State) 

C|_ = 50pF RL = 2kl2toVcc 

to Gnd (Figure 2) 


10 

15 

ns 

tZH Delay from Disable Input to Logical "1” 

Level (from High Impedance State) 

Cl = 50 pF RL = 2kOtoGnd 

to Gnd (Figure 2) 


8 

15 


tLZ Delay from Disable Input to High Impedance 

State (from Logical "0" Level) 

Cl = 50pF RL = 400J2to Vcc 

to Gnd (Figures) 


15 

25 


t(-|2 Delay from Disable Input to High Impedance 

State (from Logical "1" Level) 

Cl = 50 pF RL = 400 to Gnd 

to Gnd (Figure 3) 


10 

25 

ns 
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DS1649/DS3649, DS1679/DS3679 




DS164dfDS364a, DS1679/DS3679 



Notes 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1649 and DS1679 and across 
the 0°C to +70° C range for the DS3649 and DS3679. All typical values are for T/^ = 25° C and = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 15 resistor should be placed in series with 
each output. This resistor is internal to the DS1649/DS3649 and need not be added. 

AC Test Circuits and Switching Time Waveforms 





FIGURE 1 


tZH 


tZL 



FIGURE 2 


tHZ 


tLZ 



FIGURES 


* Internal on DS1649 and DS3649 

Note 1: The pulse generator has the following characteristics; ZquT = 50 17 and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 2: Cl includes probe and jig capacitance. 
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National Memory Support 

mjM Semiconductor 

DS1651/DS3651, DS1653/DS3653 Quad High Speed 
MOS Sense Amplifiers 


General Description 

The DS1651/DS3651 and DS1653/DS3653 are TTL 
compatible high speed circuits intended for sensing in a 
broad range of MOS memory system applications. 
Switching speeds have been enhanced over conventional 
sense amplifiers by application of Schottky technology, 
and TRI-STATE® strobing is incorporated, offering a 
high impedance output state for bused organization. 

The DS1651/DS3651 has active pull-up outputs, and the 
DS1653/DS3653 offers open collector outputs providing 
implied "AND" operations. 


Features 

■ High speed 

■ TTL compatible 

■ Input sensitivity — ±7 mV 

■ TRI-STATE outputs for high speed buses 

■ Standard supply voltages — ±5V 

■ Pin and function compatible with MC3430 and 
MC3432 


Connection Diagram 

Dual-In-Line Package 

Vcc -INB +INB OUTB Vee OUTD' +1N D D 


Truth Table 



INPUT 

STROBE 

DS3651 

DS3653 

V|D> 7 mV 

L 

H 

Open 

Ta = 0°C to +70°C 

H 

Open 

Open 

-7 mV<V|D<+7 mV 

L 

X 

X 

Ta = 0°C to +70°C 

H 

Open 

Open 

V|d<- 7 mV 

L 

L 

L 

Ta = 0°C to +70° C 

H 

Open 

Open 


-IN A +INA OUT A STB OUTC +IN C -INC GND 
TOP VIEW 

Order Number DS1651J, DS1653J, DS3651J, 
DS3653J, DS3651N or DS3653N 
See NS Package J16A or N16A 


L = Low logic state 
H = High logic state 
Open = TR I -ST ATE 
X = Indeterminate state 


Typical Applications 


A Typical MOS Memory Sensing Application for a 4k word by 4-bit 
memory arrangement employing 1103 type memory devices 


200 I DATA BIT 3 


Note, Only 4 devices are required for a 4k word by 16-bit memory system. 
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DSt651/DS3651, DS1653/DS3653 




DS1651/DS3651, DS1653/DS3653 


Absolute Maximum Ratings Operating Conditions 

(Note 1) 





MIN 

MAX 

UNITS 

Power Supply Voltages 


Supply Voltage (Vqq) 




Vcc 

+7 Vdc 

DS1651, DS1653 

4.5 

5.5 

Vdc 

VeE 

-7Vdc 

DS3651, DS3653 

4.75 

5.25 

Vdc 

Differential-Mode Input Signal Voltage 


Supply Voltage (V^e) 




Range, V|dr 

±6 Vqc 

DS1651, DS1653 

-^.5 

-5.5 

Vdc 

Common-Mode Input Voltage Range, V|qr 

±5 Vdc 

DS3651, DS3653 

-4.75 

-5.25 

Vdc 

Strobe Input Voltage, V|(s) 

5.5 Vdc 

Operating Temperature (T^) 




Storage Temperature Range 

-65°Cto-i-150°C 

DS1651, DS1653 

-55 

+125 

°c 

Maximum Power Dissipation at 25° C 


DS3651,DS3653 

0 

+70 

°c 

Cavity Package 

1509 mW 





Molded Package 

1476 mW 

Output Load Current, (Iql) 


16 

mA 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Differential-Mode Input 




'Derate cavity package 10.1 mW/°C above 25° C; derate molded 

Voltage Range, V|dr 

-5.0 

+5.0 

Vdc 

package 1 1 .8 mW/°C above 25° C. 


Common-Mode Input 






Voltage Range (V|qr) 

-3.0 

+3.0 

Vdc 



Input Voltage Range (Any 






Input to GND), (V|r) 

-5.0 

+3.0 

Vdc 


Electrical Characteristics 

Vcc = 5 VDCt Vee = -5 ^00 Min < T/\ < Max, unless otherwise noted (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|s Input Sensitivity, (Note 5) 

(Common-Mode Voltage Range = 
-3 V<V|n<3V) 

Min < Vcc ^ Max 

Min > Vee ^ Max 



±7.0 

mV 

V|0 Input Offset Voltage 



2 


mV 

l|B Input Bias Current 

Vcc “ Max, Vee Max 



20 

juA 

1 10 Input Offset Current 



0.5 


{jlA 

V|L(S) Strobe Input Voltage (Low State) 




0.8 

V 

V|H(S) Strobe Input Voltage (High State) 


2 



V 

• 1 L(S) Strobe Current ( Low State) 

Vcc “ Max, Vee ~ Max, Vif\| = 0.4V 



-1.6 

mA 

•|H(S) Strobe Current (High State) 

■ 

Vcc “ Max, 
Vee = Max 

V|N = 2.4V 

DS3651, DS3653 



40 

ma 

V|N = Vcc 



1 

mA 

V|N = 2.4V 

DS1651, DS1653 



100 

IjlA 

V|N = Vcc 



1 

mA 

Vqh Output Voltage (High State) 

Vcc " Min, 
Vee " Min 

Iq = -400 ju A 

DS1651/DS3651 

2.4 



V 

VoL Output Voltage (Low State) 

Vcc " Min, 
Vee = Min 

Iq = 16 mA 

DS3651, DS3653 



0.45 

V 

DS1651, DS1653 



0.50 

ICEX Output Leakage Current 

Vcc " Min, 
Vee Min 

Vq = Max 

DS1653/DS3653 



250 

/iA 

• os Output Current Short Circuit 

Vcc " Max, Vee “ Max, 
(Note 4) 

DS1651/DS3651 

-18 


-70 

mA 

•off Output Disable Leakage Current 

Vcc “ Max, Vee ~ Max 

DS3651 



40 

juA 

DS1651 



100 

! AA 

•CC High Logic Level Supply Current 

Vcc Max, Vee ^ Max 


45 

60 

mA 

IEE High Logic Level Supply Current 

Vcc ^ Max, Vee “ Max 


-17 

-30 

. mA 
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Switching Characteristics 







Vcc “ 5 Vdc» ^EE ~ —5 Vdc, Ta = 25°C unless otherwise noted. 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tPHL(D) 

High-to-Low Logic Level Propagation 

5 mV + V|s, (Figure 3) 

DS1651/ 

DS3651 


23 

45 

ns 

Delay Time (Differential Inputs) 

DS1653/ 

DS3653 


22 

50 

ns 

tPLH(D) 

Low-to-High Logic Level Propagation 

5 mV + V|s, (Figure 3) 

DS1651/ 

DS3651 


22 

55 

ns 

Delay Time (Differential Inputs) 

DS1653/ 

DS3653 . 


24 

65 

ns 

tPOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 


16 

21 

ns 

tPHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 


7 

18 

ns 

tPOL(S) 

TRI-STATE to Low Logic Level 

Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 


19 

27 

ns 

'PLO(S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS165.1/ 

DS3651 


14 

29 

ns 

tPHL(S) 

High-to-Low Logic Level 

Propagation Delay Time (Strobe) 

(Figure 2) 

DS1653/ 

DS3653 


16 

■ 25 

ns 

tPLH(S) 

Low-to-High Logic Level 

Propagation Delay Time (Strobe) 

(Figure 2) 

DS1653/ 

DS3653 




13 

25 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3651, DS3653 and across the -55°C to -'.-125°C 
range for the DS1651, DS1653. All typical values are for Ta = 25°C, Vqq = 5V and = — 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required 
at the sense amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is 
well known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and 
voltage gain. As a design convenience, the DS1651, DS1653 and DS3651, DS3653 are specified to a parameter called input sensitivity (V|s).This 
parameter takes into consideration input offset currents and bias currents, and guarantees a minimum input differential voltage to cause a given 
output logic state with respect to a maximum source impedance of 200^2 at each input. 
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DS1651/DS3651, DS1653/DS3653 




DS1651/DS3651, DS1653/DS3653 


AC Test Circuits and Switching Time Waveforms 


5V 



Note. Output of channel B shown under test, other channels are tested similarly. 



VI 

V2 

SI 

S2 

Cl 

tPLO(S) 

100 mV 

GND 

Closed 

Closed 

15pF 

tPOL(S) 

100 mV 

GND 

Closed 

Open 

50 pF 

tPHO(S) 

GND 

100 mV 

Closed 

Closed 

15pF 

tPOH(S) 

GND 

100 mV 

Open 

Closed 

50 pF 


Cl includes jig and probe capacitance. 

E||\l waveform characteristics: tjLH t-|-HL ^ 
measured 10% to 90% 

PRR = 1 MHz 
Duty cycle = 50% 


tPLO(S) 


*PHO(S) 



FIGURE 1. Strobe Propagation Delay tpLO(S)- tPOL(S). tPHL(S) tpoH(S) 


5V 



Note. Output of channel B shown under test, 
other channels are tested similarly. 



Note. E||\| waveform characteristics; 

1^TLH arid tjHL < 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 


FIGURE 2. Strobe Propagation Delay tpLH(S) tpHL(S) 


100 mV 5V 



Note. Output of channel B shown under test, other channels are tested similarly. 
SI at "A" for DS1653/DS3653, Cl = 15 pF total for DS1653/DS3653 
SI at "B" for DS1 651 /DS3651 , Cl = 50 pF total for DS1 651 /DS3651 



E||vj waveform characteristics: 

^TLH arid tjHL < 10 ns measured 10% to 90% 
PRR = 1 MHz, duty cycle = 500 ns 


FIGURE 3. Differential Input Propagation Delay tpLH(D) tpHL(D) 
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Schematic Diagrams 



DS1651/DS3651, DS1653/DS3653 







Transfer Characteristics and Equations 
for Level Detector with Hysteresis 


2£_= (A + B) (C + D) (1 + F) (H + J) (K + L) {M + N) (P + R) (S) 
2l= {B + D) (F+ J) (L + N) (R) 

2^= (D + J) (N) 

23=7 

Conversion time s 50 ns 


VhIGH = Vref • 


VlOW = Vref - 


R2 [VO(MAX) - VrEF^ 


R2 [Vq(MIN) - VrEF^ 


Hysteresis Loop (Vr) 

R2 

Vh = Vhigh -VlOW= ^ 7 7 - ^ tVo(MAX) - Vo(MIN)] 
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National 

Semiconductor 


Memory Support 


DS1671/DS3671 Bootstrapped Two Phase MOS Clock Driver 


General Description 

The DS1671/DS3671 is a high speed dual MOS clock 
driver and interface circuit. Unique circuit design pro- 
vides both very high speed operation and the ability 
to drive large capacitive loads. The device accepts 
standard TTL outputs and converts them to MOS logic 
levels. It may be driven from standard 54/74 and 54S/ 
74S series gates and flip-flops or from drivers such as 
the DS8830 or DM7440. The circuit can be used in 
both P-channel and N-channel MOS memory system 
drive applications. 

The DS1671/DS3671 is intended to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
Input address and precharge drive for an 8k by 16-bit 
1 103 RAM memory system. 


Each driver uses output bootstrapping to provide a 
higher voltage to the output stage, thus eliminating the 
need for an additional Vdd supply. The bootstrapping 
function is accomplished by connecting a small value 
capacitor (typically 200 pF) from each output to each 
drivers bootstrap node. 

Features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5A 

■ TTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0" state— 2 mW 

■ Swings to 0.4V of GND for RAM address drive 


Connection Diagrams 


Metal Can Package 



TOP VIEW 


Duai-ln-Line Package 

0UT1 V* B2 OUT 2 



Dual-ln-Ltne Package 



TOP VIEW 


Order Number DS1671H or DS3671H 
See NS Package H08C 

Typical Applications 


TOP VIEW 

Order Number DS1671J-8, DS3671J-8 
or DS3671N 

See NS Package J08A or N08A 


Order Number DS1671J 
or DS3671J 
See NS Package J14A 


v/ 



DS3671 Operating with Extra Supply 
to Inhance Output Voltage Level 


Cb 
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DS1671/DS3671 





DS1671/DS3671 


Absolute Maximum Ratings (Note d 

Operating Conditions 



V*" — V“ Differential 

22V 

MIN 

MAX 

UNITS 

V3 — V” Differential 

40V 

Supply Voltage 



Vg — Differential 

20V 

V''' — V“ Differential 

20 

V 

Input Voltage (V|(\i - V") 

5.5V 

Vb — V“ Differential 

40 

V 

Input Current 

100mA 

Vb — V"^ Differential 

• 20 

V 

Peak Output Current 

1,5A 

Operating Temperature Range 



Storage Temperature Range 

-65°Cto +150°C 

DS3671 0 

+70 

°c 

Lead Temperature (Soldering, 10 seconds) 

300° C 

DS1671 -55 

+125 

°c 

Maximum Power Dissipation* at 25° C 


* Derate 8-pin cavity packaqe 7.7 mW/° 

C above 25' 

’C; derate 

Cavity Package {8-Pin) 

1150 mW 

14-pin cavity package 9,3 mW/°C above 25°C; derate molded 

Cavity Package (14-Pin) 

1380 mW 

package 8.4'mW/°C above 25° C; derate metal can (TO-5) pack- 

Molded Package 

1040 mW 

age 4.4 mW/°C above 25° C. 



Metal Can (TO -5) Package 

660 mW 




Electrical Characteristics 

(Notes 2 and 3) 





1 PARAMETER | 

V,H 

Logical "1" Input Voltage 

•iH 

Logical "1" Input Current 

V,L 

Logical "0" Input Voltage 

IlL 

Logical "0" Input Current 

VOH 

Logical "1" Output Voltage 


VoL 

Logical "0” Output Voltage 

Rs 

Bootstrap Control Resistor 

•CC(ON) 

Supply Current One Side 


"ON" 

•CC(OFF) 

Supply Current "OFF" 


CONDITIONS 


v~ = ov , 

V,n-V" = 2.4V 


V" = 0V 


V,N - V~ = OV 

Vb > V*" + 1 .OV, V,N - V" = 0.4V, 
Iq = 0 mA 

V,N - V" = 2.4V, lo = 0 mA 

V+- V" = 20V, V,N - V" = 2.4V, 

Vb - 

V+-V“ = 20V, V,N-V“ = 0V 



Switching Characteristics = 25°c, = 2ov, v- 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

. MAX 

UNITS 

tpdo Propagation Delay to a 

Logical "0" 

Rd ^ 10S2, 

Cl = 1000 pF 


7.5 

15 

ns 

tpdi Propagation Delay to a 

Logical "1 " 

Rd = 10f2. Cl = 1000 pF 


12 

15 

ns 

tr Rise Time 

D — 1 no 

Cl =500pF 


25 

35 

ns 



Cl = 1000 pF 


31 

40 

ns 

tf Fall Time 


Cl = 500 pF 


30 

40 

ns 


Rd ~ 1012 

Cl = 1000 pF 


38 

50 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125“C temperature range for the DS1671 and across the 
0°C to +70°C range for the DS3671. All typicals at 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Typical Performance Characteristics 


Input Current vs 
Input Voltage 


Turn-On and Turn-Off Time 
vs Temperature 


Fall Time vs Load Capacitance 



























































"Vc( 




»'IN ‘'L 




.11 1 



- 1.0 - 0.5 0 0.5 1.0 1.5 2.0 2.5 

(ViN-y-)- INPUT VOLTAGE (V) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE TO 
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0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 







































Typical Performance Characteristics (Continued) 


Rise Time vs Load Capacitance 



0 200 400 600 800 1C00 1200 


Output Pulse Width When 
Controlled Only by Input 
Coupling Capacitor 



0 200 400 600 800 1000 1200 


LOAD CAPACITANCE (pF) 


C,N - INPUT CAPACITANCE (pF) 


AC Test Circuit and Switching Time Waveforms 


+20V 





Node Voltage Waveforms 



Note 1: The fall time has an exponential decay with the following time constant; tg = Cg Rg. 
The range of values for Rg (resistor tolerance, and temperature coefficient included) can be 
found in the table of electrical characteristics. 

Note 2: The high current transient (as high as 1.5A) through the resistance of the external 
interconnecting V' lead during the output transition from the high state to the low state can 
appear as negative feedback to the input. If the external interconnecting lead from the driving 
circuit to V" is electrically long, or has significant DC resistance, it can subtract from the 
switching response. 


Typical Applications (Continued) 





DS3671 Connected as DS0026 
with Equivalent Characteristics 


+20V 



Typical Bootstrap 
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DS1671/DS3671 






DS1671/DS3671 
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National 

Semiconductor 


Memory Support 

PRELIMINARY 


DS3685 Hex TRI-STATE® Latch 


General Description 

The DS3685 is a hex latch. PNP input transistors are used 
to reduce input currents, allowing large fan-out to these driv- 
ers. The circuit' has Schottky-clamped transistor logic for 
minimum propagation delay, and TRI-STATE outputs which 
allow bus operation. 

The circuit employs a fall-through latch which captures the 
data in parallel with the output, thereby eliminating the delay 
normally encountered in other latch circuits. 


Features 

■ TTL/LS compatible inputs 

■ PNP inputs minimize loading 

■ TRI-STATE outputs 

■ Fall-through latch design 

■ Minimum skew 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Logic and Connection Diagrams 



Truth Table 


Input 

Enable 

Output 

Disable 

Data 

Output 

Operation 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Data Present 
when Enable Went Low 

X 

1 

X 

Hi-Z 

High Impedance Output 


X = don’t care 

Hi-Z = TRI-STATE mode 
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DS3685 





DS3685 


Absolute Maximum Ratings (Note i) Operating Conditions 

Supply Voltage, Vcc 7V Min Max Units 

Logical “1” Input Voltage 7V Supply Voltage (Vcc) 4.5 5.5 V 

Logical “0” Input Voltage -1.5V Temperature (Ta) 0 +70 "C 

Storage T emperature Range — 65‘’C to 1 50®C 

Lead Temperature (Soldering, 10 seconds) SOO^C 

Maximum Power Dissipation* at 25*0 

Cavity Package 1433 mW 

Molded Package 1362 mW 

•Derate cavity package 9.6 mW/"C above 25*0; derate 
molded package 10.9 mW/*C above 25*0. 

Electrical Characteristics (Notes 2 and 3 ) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|n( 1) Logical “1” Input Voltage 


2.0 



V 

V|n( 0) Logical “0" Input Voltage 




0.8 

V 

Iin(1) Logical "1” Input Current 

V|N = 5.5V. Vcc = Max 

Enable Inputs 


0.1 

40 

mA 

Data Inputs 


0.2 

80 

tiA 

Iin( 0) Logical “0” Input Current 

V|N = 0.5V, Vcc = Max 

Enable Inputs 


-50 

mm 

IBQH 

Data Inputs 


-100 

1 -500 

/^A 

VcLAMP Input Clamp Voltage 

Vcc ~ Min, 1|N = —18 mA 



m 

V 

Iqs Output Short-Circuit Current 

Vcc = Max. VouT = OV. (Note 4) 

-40 


IBB9I 

mA 

Vqh Logical “1 ” Output Voltage 

Vcc Min 

Iqh = -1 mA 

2.5 

3.5 


V 

Iqh = -10;xA 

wm 

3.8 


V 

Vql Logical "0” Output Voltage 

c 

II 

1 

Iql = 20 mA 


0.4 

0.5 

V 

Iql = ^0 



mrm 

IBSH 

Ihz TRI-ST ATE Output Current 

Vqut = 0.4V to 2.4V, Output Disable = 2V 

-40 


40 

fiA 

Ice Power Supply Current 

Vcc = Max, All Inputs = 3V = OV, Enable = 3V 



90 

mA 

SwitChinQ Ch3ract6rlstics Vcc = SV, Ta = 25 * 0 , unless otherwise noted. 

Parameter 

Conditions 

Min 

Typ 1 

Max 

IQQII 

tpHL Propagation Delay Time 

Low-to-High Level Output 

Cl = 15 pF, Rl = 280D, (Figures 1 and 2) 



7.0 

ns 

tpLH Propagation Delay Time, 

High-to-Low Level Output 

Cl = 15 pF, Rl = 280ft, (Figures land 2) 


H 

6.0 

ns 

tpHL Propagation Delay Time, 

Low-to-High Level Output 

Cl = 50 pF, Rl = 280ft, (Figures 1 and 2) 


H 


ns 

tpLH Propagation Delay Time, 

High-to-Low Level Output 

Cl = 50 pF, Rl = 280ft, (Figures 1 and 2) 


H 


ns 

tsET-UP Set-Up Time on Data Input 

Before Input Enable Goes Low 



0 

m 


^HOLD Hold Time on Data Input 

After Input Enable Goes Low 




■■ 

bH 

tzL Delay from Disable Input to 

Logical “0” Level (from High 

Impedance State) 

Cl = 15 pF, (Figures land 3) 


8.2 

15 

ns 

tzH Delay from Disable Input to 

Logical “1” Level (from High 

Impedance State) 

Cl = 15 pF, (Figures land 3) 


17 

24 

ns 

t\_z Delay from Disable Input to 

High Impedance State (from 

Logical “0” Level) 

Cl = 15 pF, (Figures 1 and 4) 

■ 

B 

14 

ns 

tnz Delay from Disable Input to 

High Impedance State (from 

Logical “1” Level) 

Cl = 15 pF, (Figures 1 and 4) 


5.5 

12 

ns 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the OX to +70°C range for the DS3685. All typical values are for Ta = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output should be shorted at one time. 
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AC Test Circuit and Switching Time Waveforms 


FROM OUTPUT 
UNDER TEST“ 


►tk } r 

INPUT -i 

1 

^1.5V 

y. 


^^tpHL — q 


"^tPLH 


OUTPUT 


Li.5V 


^1.5V 


3V— % 


ov 

*^1 

1 




Input characteristics: PRR 1 MHz, Zqut = 50ft, tr ^ 2.5 ns, tf 2.5 ns. 

FIGURE 3 FIGURE 4 


Operating Waveforms 


-INPUT DATA VALID 


-INPUT DATA VALID 




*When the Input Enable makes a positive transition the output will be indeterminate for a short duration. 
The positive transition of the input Enable normally occurs during a don’t-care timing state at the output. 
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DS3685 



DS16149/DS36149, DS16179/DS36179 



National 

Semiconductor 


Memory Support 


DS16149/DS36149, DS1G179/DS36179 Hex MOS Drivers 


General Description 

The bS16149/DS36149 and DS16179/DS36179 are 
Hex MOS drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and a disable control that places the outputs 
in the logic "1" state (see truth table). This is especially 
useful in MOS RAM applications where a set of address 
lines has to be in tl^e logic “1" state during refresh. 

The DS16149/DS36149 has a 15 resistor in series with 
the outputs to dampen transients caused by the fast- 


switching output. The DS16179/DS36179 has a direct 
low impedance output for use with or without an 
external resistor. 

Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 29 ns driving 500 pF 

■ Built-in 15 ^2 damping resistor (DS16149/DS36149) 

■ Same pin-out as DM8096, and DM74366 


Schematic Diagram 


EQUIVALENT INPUT EQUIVALENT OUTPUT 



Connection Diagram 

Dual-ln*Line Package 


Vcc DIS2 IN 6 0UT6 INS OUTS IN4 0UT4 



TOP VIEW 


Order Number DS16149J, DS36149J, DS16179J, 
DS36179J, DS36149N or DS36179N 
See NS Package J16A or N16A 


Truth Table 


DISABLE INPUT 

INPUT 

OUTPUT 

DIS 1 

DIS 2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

1 

1 

0 

X 

1 

1 

1 

X 

1 


X = Don't care 
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Absolute Maximum Ratings (Note d Operating Conditions 

MIN MAX UNITS 

Supply Voltage 7.0V Supply Voltage (V^c) 4.5 5.5 V 

Logical "I" Input Voltage 7.0V Temperature (Ta) 

Logical 0 Input Voltage ^ 1.BV DS16149, DS16179 -55 +125 "C 

Storage Temperature Range ^ -65 C to +150 C DS36149, DS36179 0 +70 °C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1371 mW 

Molded Package 1280mW 

Lead Temperature (Soldering, 10 seconds) 300 C 

* Derate cavity package 9.1 mW/°C above 25°C; derate molded 
package 10.2 mW/°C above 25°C, 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) Logicar'1 " Input Voltage 


2.0 



V 

V|N(0) Logical "0" Input Voltage 




0.8 

V 

l|(\j(1) Logical "1 " Input Current 

VcC = 5.5V V|n = 5.5V 


0.1 

40 

ma 

hN(0) Logical “0" Input Current 

Vcc = 5-5V V|n = 0.5V 


-50 

-250 

luA 

VCLAMP Input Clamp Voltage 

Vec ” 4.5V l||vj=-18mA 


-0.75 

-1.2 

V 

Vqh Logical "1" Output Voltage 

(No Load) 

Vcc = 4.5V loH=-10iuA 

DS16149/DS16179 

3.4 

4.3 


V 

DS36149/DS36179 

mm 

4.3 


V 

Vql Logical "0" Output Voltage 

(No Load) 

Vcc = 4.5V IOL=10iuA 

DS16149/DS16179 


0.25 

0.4 

V 

DS36149/DS36179 


0.25 

0.35 

V 

Vqh Logical "1" Output Voltage 

(With Load) 

VcC = 4.5V Ioh= “1.0 mA 

DS16149 

\mm 

3.5 


V 

DS16179 

2.5 

3.5 


V 

DS36149 

2.6 

3.5 


V 

DS36179 

2.7 

3.5 


V 

Vql Logical "0" Output Voltage 

(With Load) 

VeC = 4.5V IQL = 20 mA 

DS16149 


0.6 

1.1 

V 

DS16179 


0.4 

0.5 

V 

DS36149 


0.6 

1.0 

V 

DS36179 


0.4 

0.5 

V 

l|D Logical "1" Drive Current 

Vec = 4.5V Vquj = OV, (Note 4) 


-250 


mA 

IqD Logical "0” Drive Current 

VcC = 4.5V Vout = 4.5V, (Note4) 


150 


mA' 

Ice Power Supply Current 

Vec = 5.5V 

Disable Inputs = OV 

All Other Inputs = 3V 


33 

60 

mA 

All Inputs = OV 


14 

20 

mA 

Switching Characteristics (vec = bv, ta = 25 °c) (Note 4) 

PARAMETER 

CONDITIONS 


mm\ 


UNITS 

ts+— Storage Delay Negative Edge 

(Figure 1) 

Cl = 50 pF 


4.5 

7 

ns 

Cl = 500 pF 


7.5 

12 

ns 

ts_+ Storage Delay Positive Edge 

(Figure 1) 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


8 

13 

ns 

tp Fall Time 

(Figure 1) 

Cl = 50 pF 


5 

8 

ns 

Cl = 500 pF 


22 

35 

ns 

tR Rise Time 

(Figure 1} 

Cl = 50 pF 


6 

9 

ns 

Cl = 500 pF 




ns 

tLH Delay from Disable Input 

to Logical "1" 

RL = 2 kn to Gnd, Cl = 50 pF, (Figure 2) 


■ 


ns 

tHL Delay from Disable Input 

to Logical "0" 

R L = 2 kr2 to VcCr Cl = 50 pF, (Figure 3} 


n 

18 

ns 
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DS16149/DS36149, DSiei79/DS36179 






















DS16149/DS3ei49, DS16179/DS36179 


Notes 


* 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS16149 and DS16179 and 
across the 0°C to +70°C range for the DS36149 and DS36179. All typical values are for Ta = 25°C and V^C = 5V. 

Note 3: Ail currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS16179 and DS36179 a 15 12 resistor should be placed in series 
with each output. This resistor is internal to the DS16149/DS36149 and need not be added. 


AC Test Circuits and Switching Time Waveforms 


ts+_, ts_+, tR, tp 



FIGURE 1 

tLH 

Vcc 



FIGURE 3 

Internal on DS16149 and DS36149 

Note 1: The pulse generator has the following characteristics: ZquT “ 50f2and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 2: Ct_ includes probe and jig capacitance. 
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Typical Application 


6-BIT RAM 
ADDRESS 


6 BIT RAM 
ADDRESS 


CLOCK 


ADDRESS OR 
COUNT SELECT 



MM5280 

MOSRAM 

ARRAY 


1 


J 


DSiei49/DS36149, 0816179/0836179 



DS55325/DS75325 



National 

Semiconductor 


Memory Support 


DS55325/DS75325 Memory Drivers 

General Description 


The DS55325 and DS75325 are monolithic mem- 
ory drivers which feature high current outputs as 
well as internal decoding of logic inputs. These cir- 
cuits are designed for use with magnetic memories. 

The circuit contains two 600 mA sink-switch 
pairs and two 600 mA source-switch pairs. Inputs 
A and B determine source selection while the 
source strobe (S] ) allows the selected source turn 
on. In the same manner, inputs C and D determine 
sink selection while the sink strobe (S 2 ) allows the 
selected sink turn on. 

Sink-output collectors feature an internal pull-up 
resistor in parallel with a clamping diode connected 
to Vcc 2 - This protects the outputs from voltage 
surges associated with switching inductive loads. 

The source' stage features Node R which allows 
extreme flexibility in source current selection by 
controlling the amount of base drrve to each source 
transistor. This method of setting the base drive 
brings the power associated with the resistor out- 
side the package thereby allowing the circuit to 


operate at higher source currents for a given 
junction temperature. If this method of source 
current setting is not desired, then Nodes R and 
Rint can be shorted externally activating an 
interna! resistor connected from Vcc 2 Node R. 
This provides adequate base drive for source 
currents up to 375 mA with Vcc 2 ~ ^ SV or 
600 mA with Vcc 2 ~ 24V. 

The DS55325 operates over the fully military 
temperature range of -55°C to +125°C, while the 
DS5325 operates from 0°C to +70°C. 

Features 

■ 600 mA output capability 

■ 24V output capability 

■ Dual sink and dual source outputs 

■ Fast switching times 

■ Source base drive externally adjustable 

■ Input clamping diodes 

■ TTL compatible 


Schematic and Connection Diagrams 


Dual-1 n-Line Package 



isl 15 H 13 I 

t[S 

SOURCE W A SI S2 C Y GND 

COllECTORS ' ' 

STROBES 

TOP VIEW 

Order Number DS55325J, DS75325J, 
or DS75325N 

See NS Package J14A or N14A 


Truth Table 



NOTE: Not more than one output is to be on at any one time. 
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Absolute Maximum Ratings (Notei) 

Operating Conditions 



MIN 

MAX UNITS 

Supply Voltage V^ci (Note 5) 7V 

Supply Voltage Vcc2 (Note 5) 25V 

Input Voltage (Any Address or Strobe Input) 5.5V 

Temperature (T^) 

DS55325 -55 

DS75325 0 

+125 °C 

+70 °C 


Storage Temperature Range — 65°C to +150°C 

Maximum Power Dissipation* at 25 C 


Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300 C 

^Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 1 1 .8 mW/'^C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX ■ 

UNITS 

V,H High Level Input Voltage 

(Figures 1 and 2) 

2 



V 

V|L Low Level Input Voltage 

(Figures 3 and 4} 



0.8 

V 

V| Input Clamp Voltage 

Vcci = 4.5V, Vcc 2 = 24V, 1,^ = -12 mA, 

Ta =25°C, (Figured) 


-1.3 

-1.7 

V 

Iqff Source Collectors Terminal 

"OFF" State Current 

Vcci = 4.5V, Vcc2= 24V, 
(Figure J) 

Full Range 

DS55325 



500 

gA 

DS75325 



200 

luA 

Ta = 25°C 

DS55325 


3 

150 

^A 

DS75325 


3 

200 • 

UA 

Vqh High Level Sink Output Voltage 

Vcci = 4.5V, Vcc 2 = 24V. Iqut = 0. (Figure 2) 

19 

23 


V 

Vsat Saturation Voltage Source 

Outputs 

Vcci =4.5V, Vcc 2 = 15V, 

Rl =240, 

(source ^ ~600 mA, 

(Figure 3), (Notes 4 and 6) 

Full Range 

! 


0.9 

V 

Ta = 25°C 

DS55325 


0.43 

0.7 

V 

DS75325 


0.43 

0.75 

V 

^SAT Saturation Voltage Sink Outputs 

Vcci =4.5V, Vcc2 = 15V, 

Rl =240, 

(sink ^ 600 mA, ( Figure 4) ^ 
(Notes 4 and 6) 

Full Range 



0.9 

V 

Ta = 25°C 

DS55325 


0.43 

0.7 

V 

DS75325 


0.43 

0.75 

V 

li Input Current at Maximum 

Input Voltage ; 

Vcci = 5.5V, Vcc2 = 24V, 

V| = 5.5V, (Figure 5) 

Address Inputs 



1 

mA 

Strobe Inputs 



2 

mA 

lin High Level Input Current 

Vcci = 5.5V, Vcc2 = 24V, 

V, = 2.4V, (Figure 5) 

Address Inputs 


3 

40 

iuA 

Strobe Inputs 


6 

80 

(UA 

lii_ Low Level Input Current 

Vcci =5.5V, Vcc2 =24V, 

V| = 0.4V, (Figured) 

Address Inputs 


-1 

-1.6 

mA 

Strobe Inputs 


-2 

-3.2 

mA 

•cc OFF Supply Current, All Sources and 

Sinks "OFF" 

Vcci =5.5V„Vcc2 =24V, 
Ta = 25°C, (Figure 6) 

< 

n 

n 


14 

22 

mA 

1 Vcc 2 


7.5 

20 

mA 

Icci Supply Current From Vq^i . 

Either Sink "ON" 

Vcci = 5.5V, Vcc 2 = 24V, Is.nk = 50 mA, 

Ta = 25°C, (Figure 7) 


55 

70 

mA 

Icc 2 Supply Current From Vcc 2 - 

Either Source "ON" 

Vcci ~ 5.5V, Vcc 2 ~ 24V, (source “ ~50 mA, 

Ta = 25°C, (Figure 8) 


32 

50 

mA 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS55325 and across the 0°C to 
+70° C range for the DS75325. All typical values are at T^ == 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5:Voltage values are with respect to network ground terminal. 

Note 6: These parameters must be measured using pulse techniques, tyy = 200jus, duty cycle < 2%. 
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DS55325/DS75325 



Switching Characteristics (Vcd = 5v, t* = 25°c) 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time, Low-to-High 

Level Output 

Vcc2 = ISV, Rl =2412, 
Cl = 25 pF, (Figure 9) 

Source Collectors 


25 

50 

ns 

Sink Outputs 


20 

45 

ns 

tpHL Propagation Delay Time, High-to-Low 

Level Output 

Vcc2 = 15V, Rl =2412, 

Cl = 25 pF, (Figure 9) 

Source Collectors 


25 

50 

ns 

Sink Outputs 


20 

45 

ns 

tTLH Transition Time, Low-to-High 

Level Output 

Cl = 25 pF 

Source Outputs, Vcc 2 = 20V, 
Rl = 1 kl2, (Figure 10) 

■ 

IQH 


ns 

Sink Outputs, \lcc 2 ~ 15V, 
Rl=2412, (Figure 9) 


B 


ns 

ns 

ns 

ns 

^THL Transition Time, High-to-Low 

Level Output 

Cl = 25 pF 

Source Outputs, Vcc 2 “ 20V, 
Rl = 1 kl2, (Figure 10) 


7 


Sink Outputs, Vcc 2 15V, 

Rl = 2412, (Figure 9) 


B 


ts Storage Time, Sink Outputs 

Vcc 2 = 15V, Rl = 2412, Cl = 25 pF, (Figure 9} 


15 

30 
































DC Test Circuits (Continued) 





Note 1: Figures 3 and ‘ 

TEST TABLE 

A 

B 

SI 

W 

0.8V 

4.5V 

0.8V 

GND 

4.5V 

0.8V 

0.8V 

OPEN 


Note 1 ; Figures J and 4 parameters must be measured using pulse techniques, tw = 200ps, duty cycle < 2%. 

IT TABLE TEST TABLE 


FIGURE 3. V|L and Source VsAj 


C 

D 

S2 

Y 

Z 

0.8V 

4.5V 

0.8V 

Rl 

OPEN 

4.5V 

0.8V 

0.8V 

OPEN 

Rl 


FIGURE 4. V||_ and Sink VsaT 




APPLY V, = 5.5V 
MEASURE l| 
APPLY V, = 2.4V 
MEASURE l|H 


GROUND APPLY 5.5V 


B, C, S2, D 
C, S2, D 
A, C, S2, D 
A, SI, B, D 
A, SI, B 
A, SI, B, C 


APPLY V, = 0.4V, 
MEASURE l|L 
APPLY l| = -10 mA, 
MEASURE V| 


SI, B, C, S2, D 
A, B, C, S2, D 
A, S1,C, S2nD 
A, SI, B, S2, D 
A, SI, B, C, D 
A, SI, B, C,S2 


FIGURES. Vi, ii, i|H,and hi 
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DC Test Circuits (Continued) 


15\. 



5V 


Note 1 : The pulse generator has the following characteristics: Zqut ” 5012, duty cycle ^ 1%. 
Note 2: Ct includes prohe and pg capacitance 


TEST TABLE 


PARAMETER 

OUTPUT UNDER TEST 

INPUT 

CONNECT TO 5V 



A and SI 

B, C, D and S2 

tpLH and tpHL 


B and SI 

A, C, D and S2 

tPLH- tpHL. 

Sink output Y 

C and S2 

A, B, D and SI 

tTLH- tJHL/ 
and tj 

Sink output Z 

D and S2 

A, B, C and SI 


FIGURE 9. Switching Times 



VOLTAGE WAVEFORMS 



PARAMETER 

OUTPUT UNDER TEST 

INPUT 

CONNECT TO 5V 

tjLH and tjHL 

Source output W 

A and SI 

B, C, D, and S2 

Source output X 

B and SI 

A, C, D, and S2 


FIGURE 10. Transition Times of Source Outputs 
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DS55325/DS75325 


Applications 


External Resistor Calculation 


Atypical magnetic-memory word drive requirement 
is shown in Figure 11. A source-output transistor 
of one DS75325 delivers load current (II). The 
sink-output transistor of another DS75325 sinks 
this current. 


After solving for Rgxt/ magnitude of the source 
collector current (Ics) is determined from Equa- 
tion 3. 


The value of the external pull-up resistor (Rgxt) 
for a particular memory application may be de- 
termined using the following equation: 


where: Ics is in mA. 

As an example, let Vcc 2 (min) " 20V and Vl = 3V 
while II of 500 mA flows. Using Equation 1 : 


•l 1 -6 [Vcc2(rT 
where: Rg^t is in k^Z, 


Vcc 2 (min) is the lowest expected value of 
Vcc 2 ii^ volts, Vs is the source output volt- 
age in volts with respect to ground, l|_ is in 
mA. 

The power dissipated in resistor Rg^t during the 
load current pulse duration is calculated using 
Equation 2. 


16 (20-3-2.2) 

Rg.t = = 0.5 ka 

• 500- 1.6 (20- 3-2.9) 


and from Equation 2: 


[20-3-2] =^,470 mW 


The amount of the memory system current source 
dcs) ^rom Equation 3 is: 


Ics ^0.94 (500) ^470 mA 


f^Rext fVcC2(min) 2] (2) 

16 


where: Ppext is in mW. 


In this example the regulated source-output tran- 
sistor base current through the external pull-up 
resistor (Rgxt) ^nd the source gate is approximately 
30 mA. This current and Ics comprise II. 



Note 1 : For clarity, partial logic diagrams of two 0555325'$ are shov 
Note 2: Source and sink shown are in different packages. 


FIGURE 11. Typical Application Data 


6-72 





National 

Semiconductor 


Memory Support 


0875361 Dual TTL-to-MOS Driver 


General Description 

The DS75361 is a monolithic integrated dual TTL-to- 
MOS driver interface circuit. The device accepts standard 
TTL input signals and provides high-current and high- 
voltage output levels for driving MOS circuits. It Is used 
to drive address, control, and timing inputs for several 
types of MOS RAMs including the 1103 and MM5270 
and MM5280. 

The DS75361 operates from standard TTL 5V supplies 
and the MOS Vss supply in many applications. The 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V; however, it is designed 
for use over a much wider range of Vcc 2 - 


Features 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 

■ Diode-clamped inputs 

■ TTL compatible 

■ Operates from standard bipolar and MOS supplies 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Connection Diagram 


Dual-1 n-Line Package 
Vcci Y1 Y2 Vcc 2 



Order Number DS75361J-8 or DS75361N 
See NS Package J08A or N08A 
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DS75361 




DS753ei 


Absolute Maximum Ratings (NoteD 

Supply Voltage Range of Vqq-] (Note 1) -0.5V to 7V 

Supply Voltage Range of Vqq 2 -0.5V to 25V 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage T emperature Range -65° C to +1 50°C 

Maxinnum Power Dissipation* at 25°C 

Molded Package 1022 mW 

Lead Temperature 1/16 Inch from Case for 

60 Seconds: J Package 300°C 

. Lead Temperature 1/16 Inch from Case for 

10 Seconds: N or P Package 200° C 

* Derate molded package 8.2 mW/°C above 25° C. 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcci) 

4.75 

5.25 

V 

Supply Voltage (Vcc2) 

4.75 

24 

V 

Operating Temperature {Ta) 

0 

+70 

°c 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 



V,H 

High-Level Input Voltage 


2 



V 

V.L 

Low-Level Input Voltage 




0.8 

V 

V, 

Input Clamp Voltage 

1, = -12 mA 



-1.5 

V 

VoH 

High-Level Output Voltage 

V|l = 0.8V, Ioh 

= -50/iA 

VcC 2 ~) 

Vcc2-0-7 


V 



V,l = 0.8V, Ioh 

= -10 mA 

Vcc2-2.3 

VcC2 -0 


V 

VoL 

Low-Level Output Voltage 

V,h = 2V,Iol = 

10 mA 


0.15 

0.3 

V 



Vcc 2 = IBV to 24V, V,H = 2V, 
Iql ^ 40 mA 


0.25 

0.5 

V 

Vo 

Output Clamp Voltage 

V| = OV, Ioh = 20 mA 



Vcc2'^'^ -5 

V 

li Input Current at Maximum Input Voltage 

V, = 5.5V 



1 

mA 

l|H 

High-Level Input Current 

V, = 2.4V 

A Inputs 



40 

/iA 



E Input 



80 

/iA 

l|L 

Low-Level Input Current 

V, = 0.4V 

A Inputs 


-1 

-1.6 

mA 



E Input 


-2 

-3.2 

mA 

•cCI (H) 

Supply Current from Vcci - Both 

Outputs High 

Vcci = 5.25V, 

Vcc2 = 24V, 


2 

4 

mA 

ICC2(H) 

Supply Current from Vcc 2 - 
Outputs High 

All Inputs at OV, 

No Load 



0.5 

mA 

•CCKL) . 

Supply Current from V^ci . Both 

Outputs Low 

Vcci = 5.25V, 

Vcc2 = 24V, 


16 

24 

mA 

•CC2( L) 

Supply Current from Vcc 2 - 
Outputs Low 

All Inputs at 5V, 

No Load 


7 

11 

mA 

lcC2(S) 

Supply Current from Vcc 2 - 
Stand-by Condition 

Vcci ~ OV, 

All Inputs at 5V, 

Vcc2 = 24V, 
No Load 



0.5 

mA 


Switching Characteristics (Vcci = 5v, Vcc2 = 2 ov, = 25°c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

toLH Delay Time, Low-to-High Level Output 

Cl = 390 pF, 

Rd = 

(Figure 1) 


11 

20 

ns 

toHL Delay Time, High-to-Low Level Output 


10 

18 

ns 

tjLH Transition Time, Low-to-High Level Output 


25 

40 

ns 

I^THL Transition Time, High-to-Low Level Output 


21 

35 

ns 

tpLH Propagation Delay Time, Low-to-High Level Output 

10 

36 

55 

‘ns 

tpHL Propagation Delay Time, High-to-Low Level Output 

10 

31 

47 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2 : Unless otherwise specified min/max limits apply across the 0°C to -^70°C range for the DS75361. All typical values are for T/\ = 25 C 
and Vqq-] = 5V and Vqq2 ~ 20V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between the A input of either driver and the common E input. 
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LOW-TO-HIGH-LEVEL OUTPUT (ns) TOTAL POWER DISSIPATION (mW) HIGH-LEVEL OUTPUT VOLTAGE (V) 



DS75361 











DS753ei 


Schematic Diagram (1/2 shown) 


Vmi VcC2 



AC Test Circuit and Switching Time Waveforms 


INPUT SV 20V 



Note 1 : The pulse generator has the following characteristics: PRR = 1 MHz, Zqut 50^- 
Note 2: Ct. includes probe and jig capacitance. 


FIGURE 1. Switching Times, Each Driver 
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Typical Applications 

The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 


overshoot. The optimum value of the damping resistor 
to use depends on the specific load characteristics and 
switching speed. A typical value would be between lOH 
and 3012 (Figure 3). 


TTL 

INPUTS 



TTL 

INPUTS 


FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM 


I DS75361 I I MOS I 
' SYSTEM 

I I L_TJ 

Note: Rd = 10Sito 30SH0ptional). 


FIGURE 3. Use of Damping Resistor to Reduce 
or Eliminate Output Transient Overshoot in 
Certain DS75361 Applications 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75361 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75361 as a function of load capacitance and 
frequency. Average power dissipated by this driver can 
be broken into three components: 

Pt(AV) ^ PdC(AV) + Pc{AV) + Ps(AV) 

where Pdc(av) the steady-state power dissipation with 
the output high or low, Pc(av) 's the power level during 
charging or discharging of the load capacitance, and 
Ps(Av) 's the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

PL^L+PHtn 
Pdc(av) “ j 

Pc(AV) ~ C ^ 

r, PLH^LH+PHLtHL 

Ps(AV) - j 

where the times are as defined in Figure 4. 

Pl/ Ph/ Plh/ arid Phl are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75361 is so designed that Ps is a negligible por- 
tion of Pj in most applications. Except at very high 
frequencies, tL + tn » tLH + ^hl so that Ps can be 


neglected. The total dissipation curve for no load demon- 
strates this point. The power dissipation contributions 
from both channels are then added together to obtain 
total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identi- 
cally with C = 200 pF, f = 2 MHz, Vcci = 5V, Vcc 2 = 
20V, and duty cycle = 60% outputs high (tn/T = 0.6). 
Also, assume Vqh = 19.3V, Vql = 0.1V, Ps is negligible, 
and that the current from Vcc 2 's negligible when the 
output is high. 

On a per-channel basis using data sheet values: 

Pdc(av) = [(5V) (^) + (20V) (^)|(0.6) + 
[(5V) + (20V) (^-^)](0.4) 

Pdc(av) “ 47 mW per channel - 
Pc(Av) ^ (200 pF) (19.2V)2 (2 MHz) 

Pc(Av) 148 mW per channel. 

For the total device dissipation of the two channels: 
Pt(av)^2(47 + 148) 

Pt(av) ^ 390 mW typical for total package. 
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National 

Semiconductor 


DS75362 Dual TTL-to-MOS Driver 


Memory Support 


General Description 

The DS75362 is a dual monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL input signals and provides high-current and high- 
voltage output levels suitable for driving MOS circuits. 
It Is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1 103. 

The DS75362 operates from the TTL 5V supply and the 
MOS Vgs and Vbb supplies in many applications. This 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V, and with nominal 
Vcc 3 supply voltage from 3V to 4V higher than Vcc 2 - 
However, it Is designed so as to be usable over a much 
wider range of Vcc 2 sf^cl Vcc 3 - In some applications the 
Vcc 3 power supply can be eliminated by connecting the 
Vcc3 Pi'^ to the Vcc 2 P'o. 


Features 

■ Dual positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 

B Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 
maximum 

■ Vcc 3 supply voltage pin available 

■ Vcc 3 pin can be connected to Vcc 2 Pin in some 
applications 

■ TTL compatible diode-clamped inputs 

■ Operates from standard bipolar and MOS supply 
voltages 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Schematic and Connection Diagrams 



Duai-ln-Line Package 


V 

J 

Cl 

8 

1 

7 

2 Vcc2 

' Is 

,A 

z 

A 


T 



!■ 

rrn 

1 VcC3 ^ 

3 4 

12 GND 


TOP VIEW 

Order Number DS75362J-8 or DS75362N 
See NS Package J08A or N08A 
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Absolute Maximum Ratings (Note d 


Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage Range of V^qi 

-0.5V to 7V 

Supply Voltage (Vcci) 

4.75 

5.25 

V 

Supply Voltage Range of Vqq2 

-0.5V to 25V 

Supply Voltage (Vcc2) 

4.75 

24 

V 

Supply Voltage Range of V^cs 

-0.5V to 30V 

Supply Voltage (Vcc3) 

VCC2 

28 

V 

Input Voltage 

Inter-Input Voltage (Note 4) 

Storage Temperature Range 

5.5 V 

5.5 V 

-65°C to +^ 50°C 

Voltage Difference Between 

Supply Voltages; Vcc3-Vcc2 

0 

10 

V 

Maximum Power Dissipation* at 25 C 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

1022 mW 

300°C 

Operating Ambient Temperature 
Range (T/^) 

0 

70 

°C 


* Derate molded package 8.2 mW/ C above 25 C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 


High-Level Input Voltage 


Low-Level Input Voltage 


Input Clamp Voltage 


High-Level Output Voltage 


Low-Level Output Voltage 


Output Clamp Voltage 


Input Current at Maximum 
Input Voltage 


High-Level Input Current 


Low-Level Input Current 


Supply Current from Vqqi, 
All Outputs High 


CONDITIONS 



Vcc3 ~ V|L ~ 0-8V, Iqh ” ~100/iA I Vqq2— 0.3 Vqq2~0.1 


Vcc3 = Vcc2+3V. V,l = 0.8V, Iqh = "10 mA Vcc2-1.2 Vcc2-0.9 


•CC2(H) 

Supply Current from \/cc 2 ' 

All Outputs High 

•CC3(H) 

Supply Current from Vcc 3 . 

All Outputs High 

•CCKL) 

Supply Current from Vqqi , 

All Outputs Low 

'CC2(L) 

Supply Current from Vcc 2 » 

All Outputs Low 

lcC3(L) 

Supply Current from Vcc 3 . 

All Outputs Low 

•CC2(H) 

Supply Current from Vcc 2 « 

All Outputs High 

•CC3(H) 

Supply Current from Vcc 3 . 

All Outputs High 

•CC2(S) 

Supply Current from \/cc 2 > 
Stand-by Condition 

•CC3{S) 

Supply Current from Vcc 3 . 
Stand-by Condition 

Note 1: 

"Absolute Maximum Ratings" are 


Vcc3 

- Vcc2» V(L - 0.8V, Iqh ” ■ 

-10 mA 

V,H = 

2V, loL = 10 mA 


'^CC3 

= 15V to 28V, V,H = 2V, lo 

L = 40 mA 

V, = OV, loH = 20 mA 

V, =E 

j.5V 


V, =: 

>.4V 


V, = 0.4V 

Vcci 

= 5.25V, Vcc2 = 24V, 


VcC3 

= 28V, All Inputs at OV, No 

Load 

Vcci 

= 5.25V, Vcc2 = 24V, 


VcC3 

= 28V, All Inputs at 5V, No 

Load 

Vcci 

= 5.25V, Vcc2 = 24V, 


VcC3 

= 24V, All Inputs at OV, No 

Load 

Vcci 

= OV, Vcc2 = 24V, 


VcC3 

= 24V, All Inputs at 5V, No 

Load 



Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75362. All typical values are for T/^ =25°C 
and Vqci = 5V and Vqq 2 “ 20V and Vcc3 = 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise doted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 
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DS75362 


Switching Characteristics (Vcci = sv, Vcc2 = 2ov, Vccs = 24 v, t* = 25 °c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

toLH Delay Time, Low-to-High Level Output 

Cl = 200 pF, 

Rd = 24n, 

(Figure 1) 


11 

20 

ns 

toHL Delay Time, High-to-Low Level Output 


10 

18 

ns 

tjLH Transition Time, Low-to-High Level Output 


20 

33 

ns 

tjHL Transition Time, High-to-Low Level Output 


20 

33 

ns 

tpLH Propagation Delay Time, Low-to-High Level Output 

10 

31 

48 

ns 

tpHL Propagation Delay Time, High-to-Low Level Output 

10 

30 

46 

ns 


AC Test Circuit and Switching Time Waveforms 


INPUT 5V 24 V 20 V 




Note 1 ; The pulse generator has the followring characteristics; PRR = 1 MHz, Zqut ~ 50^^- 
Note 2: Ct. includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 


Typical Performance Characteristics 


High-Level Output Voltage vs 
Output Current 


High-Level Output Voltage vs 
Output Current 


Low-Level Output Voltage 
Output Current 



HIGH-LEVEL OUTPUT CURRENT (mA) 



HIGH-LEVEL OUTPUT CURRENT (mA) 



0 20 40 60 80 100 

LOW-LEVEL OUTPUT CURRENT (mA) 
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PROPAGATION DELAY TIME, 

HIGH-TO LOW LEVEL OUTPUT (ns) OUTPUT VOLTAGE (V) 


Typical Performance Characteristics (Continued) 


Voltage Transfer Characteristics 

















.Vcci = 

5V 




Vcc 2 = 
Vcc3 = 

20V 

24V 




Ta = 25“C ^ 
NO LOAD 





INPUT VOLTAGE (V) 


Total Dissipation (Two Drivers) 
vs Frequency 


n WiWi 

irasMjfifii 
IllllWffil 
YAun 



— 


50 f- INPUT; 3V SQUARE WAVE (50% DUTY CYCLE) U 

» t. = 25-c I I Mill I Mil 


0.1 0.2 0.4 0.7 1 2 

FREQUENCY (MHz) 



Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 










ZOOp 









-Cl 

^ I 

= 50pF I 






















Vcci=5V ■ 

Vcc2 = 20V 

Vcc3 = 24V' 

RD = 24ii - 

(FIGURE 1) 

10 20 30 40 50 60 70 81 

AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Ambient Temperature 


Vcc, =5V - 

Vcc2 = 20V 

Vcc3 = 24V ■ 

Rd = 24S2 - 

(FIGURE 1) 

10 20 30 40 50 60 70 8 

AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
Low-to-High Level Output vs 
Vcc2 Supply Voltage 


C,-100pF 

Vcci=5V 

Vcc3 = Vcc 2 ■‘■4V 

Rd = 25i2 

Ta=25°C 

(FIGURED 

8 12 16 20 24 

SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Vcc2 Supply Voltage 









Cl 

= 200 t 








I 

I 









Vcci = 5V 
Vcc3 = Vcc 2 + 
Rd = 24S2 


4 8 12 16 20 

SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
Low-to-High Level Output vs 
Load Capacitance 



50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 

60 , P- 

Vcci = 5V 

50 .Vcc2 = 20V 

Vcc3 = 24V 

Ta = 25°C ^ 

40 '{FIGURED Rd = 24I^ — 


50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 
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Typical Application 


The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 
overshoot. The optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between 1012 and 3012 
(Figure 2). 


r” DS75362 I I MOS “1 

w SYSTEM 

I I I TJ 

Note: Ro 10S2 to 30i2 (Optional). 


FIGURE 2. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75362 Applications. 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated In the DS75362 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total, dissipation curve shows the power dissipated In 
a typical DS75362 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components; 

Pt(av) Pdc(av) Pc(AV) Ps(AV) 

where Pdc(av) 's the steady-state power dissipation with 
the output high or low, Pc(av) 's the power level during 
charging or discharging of the load capacitance, and 
Ps(Av) 's the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

„ PtfL+PH^H 

Pdc(av) “ j 

Pc(AV) ^ f 

„ PLHtuH+PHLtHL 

PS{AV) - j 

where the times are as defined in Figure 3. 



FIGURE 3. Output Voltage Waveform 


Pl, Ph, Plh» Phl are the respective instantaneous 
levels of power dissipation and C is load capacitance. 


The DS75362 Is so designed that Ps is a negligible por- 
tion of Pj in most applications. Except at very high 
frequencies, ti, + tn » + tHu so that Ps can be 

neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri- 
butions from two channels are then added together 
to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume two channels are operating identi- 
cally with C = 100 pF, f = 2 MHz, Vcci = 5V, Vcc2 = 
20V, Vcc3 = 24V and duty cycle = 60% outputs high 
(tn/T = 0.6). Also, assume Vqh = 20V, Vql = 0.1V, 
Ps is negligible, and that the current from Vqq 2 is 
negligible when the output is low. 

On a per-channel basis using data sheet values: 




+ (24V) 



Pdc(av) = 58 mW per channel 

Pc(AV) ^ (100 pF) (19.9V)2 (2 MHz) 

Pc(AV) ^ 79 mW per channel. 

For the total device dissipation of the two channels 
Pt(av) « 2 (58 + 79) 

Pt(av) ^ 274 mW typical for total package. 
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Semiconductor 


Memory Support 


DS75365 Quad TTL-to-MOS Driver 


General Description 

The DS75365 is a quad monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL input signals and provides high-current and high- 
voltage output levels suitable for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1 103. 


The DS75365 operates from the TTL 5V supply and the 
MOS Vss and Vbq supplies in many applications. This 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V, and with nominal 
Vcc 3 supply voltage from 3V to 4V higher than Vcc 2 - 
However, it is designed so as to be usable over a much 
wider range of M q,c 2 ^nd Vcc 3 - Id some applications the 
Vcc 3 power supply can be eliminated by connecting the 
Vcc 3 pin to the Vcc 2 P'n. 


Features 

» Quad positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 


■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Interchangeable with Intel 3207 

■ Vcc 2 supply voltage variable over wide range to 24V 
maximum 

■ Vqc 3 supply voltage pin available 

■ Vcc 3 pin can be connected to Vqq 2 pin in some 
applications 

■ TTL compatible diode-clamped inputs 

■ Operates from standard bipolar and MOS supply 
voltages 

■ Two common enable inputs per gate-pair 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Schematic and Connection Diagrams 


Vcci Vcc3 VcC2 



Ouai-ln-Line Package 



TOP VIEW 

Positive Logic: Y = A‘E1‘E2 

Order Number DS75365J 
or DS75365N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage Range of Vqci -0.5V to 7\ 

Supply Voltage Range of Vqq 2 -0.5V to 25\ 

Supply Voltage Range of Vqq 3 -0.5V to 30\ 

Input Voltage 5.5\ 

Inter-Input Voltage (Note 4) 5.5\ 

Storage Temperature Range -65° C to -H50°( 

Maximum Power Dissipation* at 25° C 

Cavity Package 1509 mV 

Molded Package 1476 mV 

Lead Temperature (Soldering, 10 seconds) 300° ( 

*Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 1 1 .8 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and 


Operating Conditions 


-0.5V to 7V 


MIN 

MAX 

-0.5V to 25V 

Supply Voltage (Vqci) 

4.75 

5.25 

-0.5V to 30V 

Supply Voltage (Vqq 2) 

4.75 

24 

5.5 V 

Supply Voltage (V0Q3) 

VCC2 

28 

5.5 V 

-65°Cto -H50°C 

Voltage Difference Between 

Supply Voltages: VcC3-VcC2 

0 

10 

1509 mW 

1476 mW 

Operating Ambient Temperature 
Range (T/^) 

0 

70 


PARAMETER 


High-Level Input Voltage 


Low-Level Input Voltage 
Input Clamp Voltage 


High-Level Output Voltage 


Low-Level Output Voltage 


Output Clamp Voltage 

Input Current at Maximum 
Input Voltage 


(Notes 2 and 3) 

CONDITIONS 



V , I o L “ • ^ mA 

15V to 28V, V.H = 



l|H 

High-Level Input Current 

'iL 

Low-Level Input Current 

IcCKH) 

Supply Current from Vcci/ 

All Outputs High 

•CC2(H) 

Supply Current from Vcc2/ 

All Outputs High 

•CC3(H) 

Supply Current from Vcc3/ 

All Outputs High 

•CCKL) 

Supply Current from Vcci. 

All Outputs Low 

•CC2(L) 

Supply Current from Vcc2. 

All Outputs Low 

•CC3(L) 

Supply Current from Vcca. 

All Outputs Low 

ICC2(H) 

Supply Current from Vcc2' 

All Outputs High 

•CC3{H) 

Supply Current from Vcca. 

All Outputs High 

•CC2(S) 

Supply Current from Vcc2' 
Stand-by Condition 

•CC3(S) 

Supply Current from Vcc3. 
Stand-by Condition 


A Inputs 

El and E2 Inputs 

A Inputs 

El and E2 Inputs 


Vcci = 5.25V, Vcc2 = 24V, 

Vcc3 = 28V, All Inputs at OV, No Load 




Vcc2-0.7 

— 

^002“'^ -5 


0.15 

0.3 

0.25 

0.5 


Vcc2'^^ -5 


1 


40 


80 

-1 

-1.6 

-2 

-3.2 





= 5.25V, Vcc2 = 24V, 

= 28V, All Inputs at 5V, No Load 


Vcci = 5.25V, Vcc2 = 24V, 

Vcc3 = 24V, All Inputs at OV, No Load 


Vcci = OV, Vcc2 = 24V, 

Vcc3 = 24V, All Inputs at 5V, No Load 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75365. All typical values are for T/\ =25°C 
and Vqqi = 5V and Vcc2 “ 20V and Vqc3 ” 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 
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Switching Characteristics (Vcci = 5v, Vcca = 2 ov, Vcca = 24v, = 25°c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Lqlh Delay Time, Low-to-High Level Output 

Cl = 200 pF, 

Rd = 2412, 

{Figure 7) 


11 

20 

ns 

tQHL Delay Time, High-to-Low Level Output 


10 

18 

ns 

^TLH Transition Time, Low-to-High Level Output 


20 

33 

ns 

tjHL Transition Time, High-to-Low Level Output 


20 

33 

ns 

tpLH Propagation Delay Time, Low-to-High Level Output 

10 

31 

48 


tpHL Propagation Delay Time, High-to-Low Level Output 

10 

30 

46 



AC Test Circuit and Switching Time Waveforms 



Mote 1 ; The pulse generator has the following characteristics: PRR = 1 MHa, Zqut 50n. 
Note 2: Ci. includes probe and jig capacitance. 


FIGURE 1. Switching Times, Each Driver 



Typical Performance Characteristics 


High-Level Output Voltage vs 
Output Current 


High-Level Output Voltage vs 
Output Current 


Low-Level Output Voltage 
Output Current 



■!5 

■N 





□ 

n 






A 

Ta 

4 

= (] 

= +70 

“C 

°c 





T 










Vcc 

Vc< 

:2 = 

5V 

20V 



n 




Vcc3 = 24V 

V, = 0.8V 
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Typical Performance Characteristics (continued) 



Voltage Transfer Characteristics 



INPUT VOLTAGE (V) 


Total Dissipation (All Four 
Drivers) vs Frequency 



Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 












Ct = 

ZOOp 


_ - 














-Cl 

= 50 

F_ 




— 







iV ' 
20V 






Vcci = 
Vcc 2 ® 






Vc 

C3 = 24V 
= 24U . 
CURED 






(F 


0 10 20 30 40 SO 60 70 80 

AMBIENT TEMPERATURE (°C) 



Propagation Delay Time, 
High-to-Low Level Output vs 
Ambient Temperature 
40 

35 
30 
25 
20 
15 
10 
5 

0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE TO 



Propagation Delay Time, 
Low-to-High Level Output vs 
Vcc2 Supply Voltage 



Propagation Delay Time, 
High-to-Low Level Output vs 
Vcc2 Supply Voltage 



Propagation Delay Time, 
Low-to-High Level Output vs 
Load Capacitance 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 



0 SO 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 



0 50 100 150 200 250 300 350 400 

LOAD CAPACITANCE (pF) 


Typical Applications 


The fast switching speeds of this device may produce overshoot. The optimum value of the damping resistor 
undesirable output transient overshoot because of load depends on the specific load characteristics and switching 

or wiring inductance. A small series damping resistor speed. A typical value would be between lOfZ and 30^2 

may be used to reduce or eliminate this output transient (Figure 3). 
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Typical Applications (Continued) 


TTL 

INPUTS 



TTL 

INPUTS 


I DS75365 I r~” MOS I 
' [ SYSTEM 

1 I I "J 

Note; Rq « 10U to 30£2 (Optional). 


FIGURE 2. Interconnection of OS75365 Devices 
With 1103-Type Silicon-Gate MOS RAM 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75365 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75365 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 

Pt(AV) ~ PdC{AV) + Pc(AV) Ps(AV) 

where Pdc(av) 's the steady-state power dissipation with 
the output high or low, Pc(av) 's the power level during 
charging or discharging of the load capacitance, and 
Ps(AV) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

„ PutL+PhtH 

P DC(AV) ~ 

Pc(AV) ^ C Vc^ f , 

„ PLHtLH+PHLtHL 

PS(AV) - j 

where the times are as defined in Figure 4. 

Pl, Ph/ Plh/ 3tid Phl ate the respective instantaneous 
levels of power dissipation and C is load capacitance. 


FIGURE 3. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75365 Applications 


neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri- 
butions from all four channels are then added together 
to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume all four channels are operating identi- 
cally with C = 100 pF, f = 2 MHz, Vcci = 5V, Vcc 2 = 
20V, VcQ 3 = 24V and duty cycle = 60% outputs high 
(tn/T = 0.6). Also, assume Vqh “ 20V, Vql = 0.1V, 
Ps is negligible, and that the current from Vcc 2 's 
negligible when the output is low. 

On a per-channel basis using data sheet values; 

Poc(AV> = [(5V + (20V) (24V) 

(^)] (0.6).[(5V)(^) . 

(20V) + (24V) (0-4) 

Pdc(av) ~ 58 mW per channel 
Pc(AV) ^ (100 pF) (19.9V)2 
Pc(Av) ^ 79 mW per channel. 

For the total device dissipation of the four channels: 


The DS75365 is so designed that Ps is a negligible por- 
tion of Pj in most applications. Except at very high 
frequencies, tL + tn » Ilh + ^hl so that Ps can be 


Pt(av) « 4 (58 + 79) 

Pt(av) ^ 548 mW typical for total package. 
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Applying Modern Clock 
Drivers to MOS Memories 


INTRODUCTION 

MOS memories present unique system and circuit 
challenges to the engineer since they require precise 
timing of input wave forms. Since these inputs present 
large capacitive loads to drive circuits, it is often that 
timing problems are not discovered until an entire 
system is constructed. This paper covers the practical 
aspects of using modern clock drivers in MOS memory 
systems. Information includes selection of packages and 
heat sinks, power dissipation, rise and fall time consid- 
erations, power supply decoupling, system clock line 
ringing and crosstalk, input coupling techniques, and 
example calculations. Applications covered include 
driving various types shift registers and RAM's (Random 
Access Memories) using logical control as well as other 
techniques to assure correct non-overlap of timing wave- 
forms. 

Although the information given is generally applicable 
to any type of driver, monolithic integrated circuit 
drivers, the DS0025, DS0026 and DS0056 are selected 
as examples because of their low cost. 

The DS0025 was the first monolithic clock driver. 
It is intended for applications up to one megacycle 
where low cost is of prime concern. Table I Illustrates 
its performance while Appendix I describes its circuit 
operation. Its monolithic, rather than hybrid or module 
construction, was made possible by a new high voltage- 
gold doped process utilizing a collector sinker to mini- 
mize Vcesat. 


TABLE I. DS0025 Characteristics 


PARAMETER 

CONDITIONS (V^ - V") = 17V 

VALUE 

UNITS 

^ON 


15 

ns 

toFF 

C|N =o.oo22iL(F, r,n = on 

30 

ns 

t. 

Cl = O.OOOljuF, RO = 5012 

25 

ns 

tf 


150 

ns 

Positive Output Voltage Swing 

V,N -V- = 0V,louT = -1mA 

V"^ - 0.7 

V 

Negative Output Voltage Swing 

li(vj = 10mA, Iqut — 1mA 

V" + 1 .0 

V 

On Supply Current (V^) 

1 = 10 m A 

17 

mA 


TABLE 11. DS0026 Characteristics 


PARAMETER 

CONDITIONS (V^ - V‘) = 17V 

VALUE 

UNITS 

^ON 


7.5 

ns 

toFF 

C,N = O.OOIjuF, R,n = 012 

7.5 

ns 

t, 

R0 = 5012. Cl = 1000 pF 

25 

ns 

tf 


25 

ns 

Positive Output Voltage Swing 

V,N - V- = 0V. lo^j-r '=-1mA 

V^ - 0.7 

V 

Negative Output Voltage Swing 

I|N ~ 10mA, Iqut “ 1mA 

V~ + 0.5 

V 

On Supply Current (V”^) 

^ IN ~ ^ ® m A 

28 

mA 
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The DS0026 Is a high speed, low cost, monolithic clock 
driver intended for applications above one megacycle. 
Table il illustrates its performance characteristics while 
its unique circuit design is presented in Appendix II. 
The DS0056 is a variation of the DS0026 circuit which 
allows the system designer to modify the output per- 
formance of the circuit. The DS0056 can be connected 
(using a second power supply) to increase the positive 
output voltage level and reduce the effect of cross 
coupling capacitance between the clock lines in the 
system. Of course the above are just examples of the 
many different types that are commercially available.' 
Other National Semiconductor MOS interface circuits 
are listed in Appendix III. 

The following section will hopefully allow the design 
engineer to select and apply the best circuit to his parti- 
cular application while avoiding common system pro- 
blems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Package and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, availability 
of sockets, ease or type of heat sinking required, relia- 
bility and cost. Power handling capability for various 
packages is illustrated in Table III. The following guide- 
lines are recommended: 
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The TO-5 ("H") package is rated at 750 mW still air 
(derate at 200°C/W above 25°C) soldered to PC board. 
This popular cavity package is recommended for small 
systems. Low cost (about 10 cents) clip-on heat sink 
increases driving capability by 50%. 

The 8-pin ("N") molded mini-DIP is rated at 600 mW 
still air (derate at 90°C/W above 25°C) soldered to PC 
board (derate at 1.39W). Constructed with a special cop- 
per lead frame, this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for prototype 
work, that this package is only rated at 600 mW when 
mounted in a socket and not one watt until it is soldered 
down.) 

To TO-8 ('"G") package is rated at 1.5W still air (derate 
at 100°C/W above 25°C) and 2.3W with clip-on heat 
sink (Wakefield type 215-1.9 or equivalent-derate at 
15 mW/°C). Selected for its power handling capability 
and moderate cost, this hermetic package will drive very 
large systems at the lowest cost per bit. 

Additional information is given in . the section of this 
data book on Maximum Power Dissipation (page 2). 

Power Dissipation Considerations 

The amount of registers that can be driven by a given 
clock driver is usually limited first by internal power 
dissipation. There are four factors: 

1. Package and heatsink selection 

2. Average dc power, Pqc 

3. Average ac power, P^c 

4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine Pmax» which is the 
maximum internal power a device can handle and still 
operate reliably. The total average power dissipated in a 
driver is the sum of dc power and ac power in each 
driver times the number of drivers. The total of which 
must be less than the package power rating. 


where: 

V"*" - V” = Total voltage across the driver 

Req = Equivalent device resistance in the 

"ON" state 

= V - V /Is(oN) (3) 

DC = Duty Cycle 

"ON" Time 

"ON" Time + "OFF" Time 


For the DS0025, Req is typically 1 kfi while Req is 
typically 60017 for the DS0026. Graphical solutions for 
Pdc appear In Figure 1. For example if == +5V, 
V~ = -12V, Req = 500 FI. and DC - 25%, then Ppc = 
145 mW. However, if the duty cycle was only 5%, 
Pdc = 29 mW. Thus to maximize the number of regis- 
ters that can be driven by a given clock driver as well as 
minimizing average system power, the minimum allow- 
able clock pulse width should be used for the particular 
type of MOS register. 



0 10 20 30 40 so 60 70 


DUTY CYCLE (%) 



FIGURE 1. PpQ vs Duty Cycle 


Pdiss ~ X (Pag Pdc) ^ Pmax ^^) 


Average dc power has three components: input power, 
power in the "OFF" state (MOS logic "0") and power 
in the "ON" state (MOS logic "1"). 


Pdc ~ P|N Pqff + pQN (2) 


For most types of clock drivers, the first two terms are 
negligible (less than 10 mW) and may be ignored. 

Thus: 

(V^-V“)2 

Pdc — Pqn “ ^ (DC) 

Req 


In addition to Ppc/ the power driving a capacitive load 
is given approximately by: 


Pac = (V^-V xf xCl (4) 

where: 

f = Operating frequency 
Cl = Load capacitance 


Graphical solutions for P^c ate illustrated in Figure 2. 
Thus, any type of clock driver will dissipate internally 
290 mW per MHz per thousand pF of load. At 5 MHz, 
this would be 1.5W for a 1000 pF load. For long shift 
register applications, the driver with the highest package 
power rating will drive the largest number of bits. 
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Combining equations (1), (2), (3) and (4) yields a criter- 
ion for the maximum load capacitance which can be 
driven by a given driver: 


AV 

AT 


•out peak 

~L 




0 0.5 1.0 1.5 2.0 2.5 

PULSE REPETITION FREQUENCY (MHz) 

FIGURE 2. Pag vsPRF 


Cl< 


1 

f 


Pmax 
n (V'^ - 


(DC) 

Req 


(5) 


Logic rise and fall times must be known In order to 
assure non-overlap of system timing. 

Note the definition of rise and fall times in this appli- 
cation not6 follow the convention that rise time is the 
transition from logic "0" to logic “1" levels and vice 
versa for fall times. Since MOS logic is inverted from 
normal TTL, "rise time" as used in this note is "voltage 
fall" and "fall time" Is "voltage rise." 

Power Supply Decoupling 

Although power supply decoupling Is a wide spread an(i 
accepted practice, the question often arises as to how 
much and how often. Our own experience indicates 
that each clock driver should have at least 0.1 )LiF de- 
coupling to ground at the and V" supply leads. 
Capacitors should be located as close as is physically 
possible to each driver. Capacitors should be non-induc- 
tive ceramic discs. This decoupling is necessary because 
currents in the order of 0.5 to 1.5 amperes flow during 
logic transitions. 


As an example, the DS0025CN can dissipate 890 mW at 
Ta = 70°C when soldered to a printed circuit board. 
Req Is approximately equal to Ik. For = 5V, V“ = 
-12V, f = 1 MHz, and dc = 20%, Cl is: 


1 f (890x 10"^) 0.2 

Q _ 

~ 10® [ (2) (17)^ 1 X 10® 


There is a high current transient (as high as 1.5A) 
during the output transition from high to low through 
the V~ lead. If the external interconnecting wire from 
the driving circuit to the V“ lead is electrically long, or 
has significant dc resistance the current transient will 
appear as negative feedback and subtract from the 
switching response. To minimize this effect, short Inter- 
connecting wires are necessary and high frequency 
power supply decoupling capacitors are required if V” is 
different from the ground of the driving circuit. 


Cl < 1340 pF (each driver) 


A typical application might involve driving an MM5013 
triple 64-bit shift register with the DS0025. Using the 
conditions above and the clock line capacitance of the 
MM5013 of 60 pF, a single DS0025 can drive 1340 pF/ 
60pF, or 00MM5013's. 

In summary, the maximum capacitive load that any 
clock driver can drive is determined by package type and 
rating, heat sink technique, maximum system ambient 
temperature, ac power (which depends on frequency, 
voltage across the device, and capacitive load) and dc 
power (which is principally determined by duty cycle). 

Rise and Fall Time Considerations 

In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external 
load, and (C) peak transient current available. Details of 
these are included in Appendixes I and W. Figures A 1-3, 
AI-4, All-2 and AIII-3 illustrate performance under 
various operating conditions. Under light loads, per- 
formance is determined by internal design of the driver; 
for moderate loads, by load being reflected (usually 
as Clz/j) into the driver, and for large loads by peak 
output current where: 


Clock Line Overshoot and Cross Talk 

Overshoot: The output waveform of a clock driver can, 
and often does, overshoot. It is particularly evident on 
faster drivers. The overshoot is due to the finite induc- 
tance of the clock lines. Since most MOS registers require 
that clock signals not exceed Vss» some method must be 
found In large systems to eliminate overshoot. A straight- 
forward approach is shown in Figure 3. In this instance. 



FIGURE 3. Use of Damping Resistor to Eliminate 
Clock Overshoot 
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a small damping resistor fs inserted between the output 
of the clock driver and the load. The critical value for 
Rs is given by: 



In practice, analytical determination of the value for 
Rs is rather difficult. However, Rs is readily deter- 
mined empirically, and typical values range in value 
between 10 and 50r2. 

Use of the damping resistor has the added benefit of 
essentially unloading the clock driver; hence a greater 
number of loads may often be driven by a given driver. 
In the limit, however, the maximum value that may be 
used for Rs will be determined by the maximum allow- 
able rise and fall time needed to assure proper operation 
of the MOS register. In short: 

^r(iviAx) tfdviAX) 2.2 Rs Cl (7) 


+5V 



FIGURE 5. Clock Line Cross Talk 

The negative going transition of 0^ (to MOS logic “1”) 
is capacitively coupled via C|vi to 02. Obviously, the 
larger C,^ is, the larger the spike. Prior to 0i's transi- 
tion, Q1 is "OFF" since only juA are drawn from the 
device. 


One last word of caution with regard to use of a damp- 
ing resistor should be mentioned. The power dissipated 
in Rs can approach (V^ — V"”)^fCL and accordingly 
the resistor wattage rating may be in excess of 1W. 
There are, obviously, applications where degradation of 
tr and tf by use of damping resistors cannot be tolerated. 
Figure 4 shows a practical circuit which will limit over- 
shoot to a diode drop. The clamp network should 
physically be located in the center of the distributed 
load in order to minimize inductance between the 
clamp and registers. 


+5V 



FIGURE 4. Use of High Speed Clamp to Limit 
Clock Overshoot 


Cross Talk: Voltage spikes from 0-| may be transmitted 
to 02 (and vice versa) during the transition of 0i to MOS 
logic "1." The spike is due to mutual capacitance 
between clock lines and is, in general, aggravated by long 
clock lines when numerous registers are being driven. 
Figure 5 illustrates the problem. 


The DS0056 connected as shown in Figure 6 will mini- 
mize the effect of cross talk. The external resistors to 
the higher power supply pull the base of a Q1 up to a 
higher level and forward bias the collector base junction 
of Q1. In this bias condition the output impedance of 
the DS0056 is very low and will reduce the amplitude 
of the spikes. 


+5V +8V +8V 



FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 


Input Capacitive Coupling 

Generally, MOS shift registers are powered from +5V 
and -12V supplies. A level shift from the TTL levels 
(+5V) to MOS levels (-12V) is therefore required. The 
level shift could be made utilizing a PNP transistor or 
zener diode. The disadvantage to dc level shifting is the 
Increased power dissipation and propagation delay in the 
level shifting device. Both the DS0025, DS0026 and 
DS0056 utilize input capacitors when level shifting from 



6-91 


9ZNV 





AN-76 


TTL to negative MOS capacitors. Not only do the 
capacitors perform the level shift function without 
inherent delay and power dissipation, but as will be 
shown later, the capacitors also enhance the performance 
of these circuits. 

CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care Is taken In circuit layout, the DS0025, 
DS0026 and DS0056 provide superior performance for 
most MOS input interface applications. . 
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APPENDIX I 

DS0025 Circuit Operation 

The schematic diagram of the DS0025 is shown in 
Figure AI-1. With the TTL driver in the logic ''0" state 
Q1 Is ''OFF" and 02 is "ON" and the output is at 
approximately one Vbe below the supply. 



FIGURE Ai-1. DS0025 Schematic (One-Half Circuit) 


When the output of the TTL driver goes high, current Is 
supplied to the base of Q1, through Cin, turning it "ON." 
As the collector of Q1 goes negative, 02 turns "OFF." 
Diode CR2 assures turn-on of Q1 prior to Q2's turn-off 
minimizing current spiking on the line, as well as 
providing a low Impedance path around Q2's base emit- 
ter junction. 

The negative voltage transition (to MOS logic "1") will 
be quite linear since the capacitive load will force Q1 
Into its linear region until the load is discharged and Q1 
saturates. Turn-off begins when the input current de- 
cays to zero or the output of the TTL driver goes low. 
Q1 turns "OFF" and Q2 turns "ON" charging the load 
to within a Vbe V**" supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is pri- 
marily a function of the ac load. Cl, the available input 
current and total voltage swing. As shown in Figure AI-2, 

v* 



FIGURE AI-2. Rise Time Model for the OS0025 

the input current must charge the Miller capacitance of 
Q1, Cjc, as well as supply sufficient base drive to Q1 
to discharge Cl rapidly. By inspection; 


IN “ •rI 

(AI-1) 

IN = Im + Isf for. Im » lpti & Ib » Iri 


AV 


B “ l|N “ ^TC ~ 

(AI-2) 


If the current through R2 Is ignored, 

•c “ U hpEQi “ k Im (AI-3) 

where: 



Combining equations AI-1, AI-2, AI-3 yields: 
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AV _ voltage rise and optimistic values at the end. Figure 

— [Cl + Ct-c (hpEQi + 1)] = hpEQ! I,N {AI-4) shows tf as function of Cl • 


[Cl + (hpEQi + 1 )Ctc] /A , c 

tf = (Al-b 

hpEQl 'in 

Equation (AI-5) may be used to predict t^ as a function 
of Cl and AV. Values for Cjc 3nd hp^ are 10 pF and 
25 respectively. For example, if a DM7440 with peak 
output current of 50 mA were used to drive a DS0025 
loaded with 1000 pF, rise times of: 



0 200 400 600 800 1000 

LOAD CAPACITANCE, Cl (pF) 


(1000 pF + 250 pF) (17V) 
(50 mA) (20) 


FIGURE AI-5. DS0025 Fall Time vs Cl 


or 21 ns may’be expected for V^ = 5.0V, V = -12V, 
Figure AI-3 gives rise time for various values of Cl- 



LOAD CAPACITANCE, Cu (pF) 

FIGURE AI-3. Rise Time vs Cl for the OS0025 

Fall Time Considerations 


Assuming hFE 2 a constant of the total transition: 
AV _ 

\ 2R2 / <AI-6) 

CjCQI +CL/hFEQ1 + 1 
or 

t,s 2R2 (ctcqi + ) (AI-7) 

\ hpEQ+l / 

DS0025 Input Drive Requirements 

Since the DS0025 is generally capacitively coupled at 
the input, the device is sensitive to current not input 
voltage. The current required by the input is in the 50— 
60 mA region. It is therefore a good idea to drive the 
DS0025 from TTL line drivers, such as the DM7440 or 
DM8830. It is possible to drive the DS0025 from stan- 
dard 54/74 series gates or flip-flops but toN and tr will 
be somewhat degraded. 


The MOS logic fall time (voltage rise) of the DS0025 is 
dictated by the load. Cl, and the output capacitance of 
Q1. The fall time equivalent circuit of DS0025 may be 
approximated with the circuit of Figure AI-4. In actual 



Ctcqi = OUTPUT CAPACITANCE OF Q1 
a 10 pF 

hpEoz = CURRENT GAIN OF 02 
s 20 

'avg = Avg CURRENT THROUGH Rz 

2R2 


FIGURE AI-4. Fall Time Equivalent Circuit 

practice, the base drive to Q2 drops as the output volt- 
tage rises toward V^. A rounding of the waveform occurs 
as the output voltage reaches to within a volt of V*^. The 
result is that equation (AI-7) predicts conservative values 
of tf for the output voltage at the beginning of the 


Input Capacitor Selection 

The DS0025 may be operated in either the logically 
controlled mode (pulse width out = pulse width in) 
or C|N may be used to set the output pulse width. In 
the latter mode a long pulse is supplied to the DS0025. 



FIGURE AI-6. DS0025 Input Current Waveform 
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The input current is of the general shape as shown in 
Figure A 1-6. I max ‘s the peak current delivered by the 
TTL driver into a short circuit (typically 50—60 mA). 
Q1 will begin to turn-off when 1]^ decays below Vbe/ 
R1 or about 2.5 mA. In general: 


The logic "1" output impedance of the DM7440 is 
approximately 65n and the peak current (Imax) 's 
about 50 mA. The pulse width for C,n = 2,200 pF is: 


25 ns + 1 50 ns 


+ (65^2) (2200 pF) In 


RO = Output impedance of the TTL driver 
C||sj = Input coupling capacitor 


Substituting I|n = Imin 


• and solving for ti yields: 


A plot of pulse width for various types of drivers is 
shown in Figure Ai-7, For applications in which the 
output pulse width is logically controlled, C|m should 
be chosen 2 to 3 times larger than the maximum pulse 
width dictated by equation (AI-10). 


1 1 “ RO CiM I n 


DC Coupled Operation 


The total pulse width must include rise and fall time 
considerations. Therefore, the total expression for 
pulse width becomes: 


tr + tf ^ 

tpw = — - — + ti 


The DS0025 may be direct-coupled in applications 
when level shifting to a positive value only. For exam- 
ple, the MM1103 RAM typically operates between 
ground and +20V. The DS0025 is shown in Figure 
Ai'8 driving the addres or precharge line in the logically 
controlled mode. 

If DC operation to a negative level is desired, a level 
translator such as the DS7800 or DHp034 may be 
employed as shown in Figure Ai-9. Finally, the level 
shift may be accomplished using PNP transistors are 
shown in Figure AI-10. 



200 600 1000 1400 1800 2200 


r— — T r- 


I J Is 


^74^ J| DS0D25CN j 


FIGURE AI-7. Output PW Controlled by C||\| 


FIGURE. AI-8. DC Coupled DS0025 Driving 1103 RAM 




I 1 ^470 r 1 


I OH0a34O I 


1 I ^ s 


MH00Z5CW J 


TTL 

TO MOS SHIFT INPUTS 


I I 


L DS0025CN J 


FIGURE AI-9. DC Coupled Clock Driver Using DH0034 


FIGURE AI-10. Transistor Coupled DS0025 Clock Driver 
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Rise Time Considerations 


DS0026 Circuit Operation 

The schematic of the DS0026 is shown in Figure A! 1-1 . 
The device is typically ac coupled on the input and 
responds to input current as does the DS0025. Inter- 
nal current gain allows the device to be driven by stan- 
dard TTL gates and flip-flops. 

With the TTL input in the low state Q1, Q2, Q5, Q6 and 
Q7 are "OFF" allowing Q3 and Q4 to come "ON." R6 
assures that the output will pull up to within a Vbe of 
V’*' volts. When the TTL input starts toward logic "1," 
current is supplied via C|M to the bases of Q1 and Q2 
turning them "ON." Simultaneously, 03 and 04 are 
snapped "OFF." As the input voltage rises (to about 
1.2V), 05 and 06 turn-on. Multiple emitter transistor 
05 provides additional base drive to 01 and 02 assur- 
ing their complete and rapid turn-on. Since 03 and 
04 were rapidly turned "OFF" minimal power supply 
current spiking will occur when 07 comes "ON." 




Predicting the MOS logic rise time (voltage fall) of the 
DS0026 is considerably involved, but a reasonable 
approximation may be made by utilizing equation 
(AI-5), which reduces to: 

[Cl + 250X 10“’^] AV (All-1) 

For Cl = 1000 pF, = 5.0V, V“ = -12V, t, s 21 ns. 
Figure All-2 shows DS0026 rise times vs Cl. 



0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 

FIGURE Alt-2. Rise Time vs Load Capacitance 
Fall Time Considerations 

The MOS logic fall time of the DS0026 Is determined 
primarily by the capacitance Miller capacitance of Q5 
and Q1 and R5. The fall time may be predicted by: 


tfS(2.2)(R5) 




: (4.4 X 10^) 


Cs = Capacitance to ground seen at the base of Q3 
= 2pF 

hpE^ “ (hpEOa 1) (hFEQ4 + 1) 


FIGURE Ali-1. DS0026 Schematic (One-Half Circuit) 

Q6 now provides sufficient base drive to Q7 to turn it 
"ON." The load capacitance Is then rapidly discharged 
toward V“. Diode D4 affords a low impedance path to 
Q6's collector which provides additional drive to the 
load through current gain of Q7. Diodes D1 and D2 pre- 
vent avalanching OS's and Q4's base-emitter junction as 
the collectors of Q1 and Q2 go negative. The output of 
the DS0026 continues negative stopping about 0.5V 
more positive than V~. 

When the TTL Input returns to logic "0," the Input 
voltage to the DS0026 goes negative by an amount 
proportional to the charge on C||vj. Transistors Q8 and 
Q9 turn-on, pulling stored base charge out of Q7 and Q2 
assuring their rapid turn-off. With Q1, Q2, Q6 and Q7 
"OFF," Darlington connected Q3 and Q4 turn-on and 
rapidly charge the load to within a Vge of V^. 


For the values given and Cl = 1000 pF, tf = 17.5 ns. 
Figure All-3 gives tf for various values of Cl- 
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FIGURE All-3. Fail Time vs Load Capacitance 
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DS0026 Input Drive Requirements 

The DS0026 was designed to be driven by standard 
54/74 elements. The device's input characteristics are 
shown in Figure All-4. There is breakpoint at V|n = 
0.6V which corresponds to turn-on of Q1 and Q2. The 
input current then rises with a slope of about 600^2 
(R2 II R3) until a second breakpoint at approximately 
1.2V is encountered, corresponding to the turn-on of Q5 
and Q6. The slope at this point is about 150^2 (Rl II 
R2IIR3IIR4). 

16 
14 

< 12 

i 

a 8 
a 
u 

H 6 
3 

I 4 
2 
0 

0 0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 

FIGURE All-4. Input Current vs Input Voltage 

The current demanded by the input is in the 5—10 mA 
region. A standard 54/74 gate can source currents in 
excess of 20 mA into 1.2V. Obviously, the minimum 
"1" output voltage of 2.5V under these conditions can- 
not be maintained. This means that a 54/74 element 
must be dedicated to driving 1/2 of a DS0026. As far as 
the DS0026 is concerned, the current is the determining 
turn-on mechanism not the voltage output level of the 
54/74 gate. 



Input Capacitor Selection 


A major difference between the DS0025 and DS0026 is 
that the DS0026 requires that the output pulse width 
be logically controlled. In short, the input pulse width = 
output pulse width. Selection of C|n boils down to 
choosing a capacitor small enough to assure the capacitor 
takes on nearly full charge, but large enough so that the 
input current does not drop below a minimum level to 
keep the DS0026 "ON." As before: 


ti 


or 


R0C|ivj In 


*MAX 

•min 


C|N 


tl 


ROIn 


Imax 

•min 


(All-3) 

(All-4) 


In this case RO equals the sum of the TTL gate output 
impedance plus the Input Impedance of the DS0026 
(about 150^2). I^in from Figure All-5 is about 1 mA. 
A standard 54/74 series gate has a high state output 
impedance of about 150r2 in the logic "1" state and an 
output (short circuit) current of about 20 mA into 1.2V. 
For an output pulse width of 500 ns. 


500 X 10“^ 

C|N = — — - = 560 pF 

20 mA 

(15012 + 150r2)ln 

1 mA 


5.0 

4.0 

> 3.0 


1.0 

0 

0 10 20 30 40 

loUT (niA) 

FIGURE All-5. Logical "1" Output Voltage 
vs Source Current 

In actual practice it's a good idea to use values of about 
twice those predicted by equation (All-4) in order to 
account for manufacturing tolerances in the gate, DS0026 
and temperature variations. 

A plot of optimum value for 0,^ vs desired output pulse 
width Is shown in Figure All-6. 




FIGURE Al 1-6. Suggested Input Capacitance 
vs Output Pulse Width 


DC Coupled Applications 

The DS0026 may be applied in direct coupled applica- 
tions. Figure All-7 shows the device driving address or 
pre-charge lines on an MM 1 103 RAM. 


+17V 



TO ADDRESS 
LINES ON 
MEMORY 
SYSTEM 


FIGURE All-7. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 
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For applications requiring a dc level shift, the circuit of 
Figure All-8 or All-9 are recommended. 



FIGURE All-8. Transistor Coupled MOS Clock Driver 


TTL 

INPUTS 



TO SHIFT 
REGISTERS 


FIGURE All-9. DC Coupled MOS Clock Driver 


APPENDIX III 
MOS Interface Circuits 
MOS Clock Drivers 


MH0007 

Direct coupled, single phase, TTL 

DS88Q0 

Dual TTL to negative level con- 


compatible clock driver. 


verter. 

MH0009 

Two phase, direct or ac coupled 

DS8810/DS8812/ 

Open collector TTL to positive 


clock driver. 

DS8819 

high level MOS converter gates. 

MH0012 

10 MHz, single phase direct coupled 

DS88L12 

Active pull-up TTL to positive high 


clock driver. 


level MOS converter gates. 

MH0013 

Two phase, ac coupled clock driver. 

DS3645/DS3675 

Hex TRI-STATE® MOS driver. 

DS0025C 

Low cost, two phase clock driver. 

DS3647/DS3677 

Quad TRI-STATE MOS driver I/O 

DS0026C 

Low cost, two phase, high speed 


register. 


clock driver. 

DS3648/DS3678 

TRI-STATE MOS driver multi- 

DS3671 

Dual bootstrapped MOS driver. 


plexer. 

DS3674 

Quad MOS clock driver. 

DS3649/DS3679 

Hex TR l-STATE MOS driver. 

DS75361 

Dual TTL-to-MOS driver. 

DS36149/DS36179 

Hex TRI-STATE MOS driver. 

DS75365 

Quad TTL-to-MOS driver. 

MOS to TTL Converters and Sense Amps 

MOS RAM Memory Address and Precharge Drivers 

DS75107, 

Dual sense amp for MM1103 Ik 

DS0025C 

Dual address and precharge driver. 

DS75207 

MOS RAM memory. 

DS0026C 

Dual high speed address and pre- 
charge driver. 

Voltage Regulators for MOS Systems 

TTL to MOS Interface 

LM309, LM340 
Series 

Positive regulators. 

DH0034 

Dual high speed TTL to negative 

LM320 Series 

Negative regulators. 


level converter. 

LM325 Series 

Dual +/- regulators. 
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INTRODUCTION 

The rapid development in dynamic random access mem- 
ory (DRAM) chip storage capabiiity, coupled with signifi- 
cant component cost reductions, has allowed designers 
to build large memory arrays with high performance speci- 
fications. However, the development of memory arrays 
continues to have a common set of problems generated by 
the complex timing and refresh requirements of DRAMs. 
These include: how to quickly drive the memories to take 
advantage of their speed, minimization of board space re- 
quired by the support circuitry and the need for error 
detection and correction. Unfortunately, these problems 
must be addressed with each new system design. Full sys- 
tem solutions will vary greatly, depending on the DRAM ar- 
ray size, memory speed, and the processor. 

This application note Introduces a complete family of 
DRAM support circuits that provides a straightforward 
solution to the above problems while allowing a high 
degree of flexibility in application with little or no perform- 
ance penalty. The DP8400 family (Table I) includes DRAM 
controllers, an expandable error detection/correction cir- 
cuit, octal address buffers and system control circuits. 
The LSI blocks are designed with flexible interfaces, mak- 
ing application possible with all existing DRAMs includ- 
ing the recently announced 256Ks. Additionally, interface 
is easy to all popular microprocessors with memory word 
widths possible from 8 to 80 bits. 


TABLE I. DP8400 FAMILY MEMBERS 


DP8400 

Expandable Error 
Checker/Corrector 

DP8408, DP8409 

DRAM Controllers 

DP84240, DP84244 

DRAM Buffer Drivers 

DP84300 Series 

Microprocessor 

Interface Circuits 


FULL FUNCTION DRAM CONTROLLER 

The heart of any DRAM array design is the controller func- 
tion. Previous LSI controllers supplied a minimum func- 
tion of address multiplexing with an on-board refresh 
counter. This required external delay line timing and logic 
to control memory access, additional logic to perform 
nriemory refresh, and external drivers to drive the capaci- 
tive memory array. The complete solution results in signifi- 
cant access delay in relation to DRAM speeds and skews 
in output sequencing, as well as a large component count. 

A previous LSI solution brought much of this logic on-chip. 
However, it is limited in application to certain microproc- 
essors and has the disadvantage of all access timing orig- 
inating from an external clock, whose phase uncertainty 
generates a delay in actually knowing when an access has 
started. 


The DP8409 multi-mode dynamic RAM controller/driver is 
the first controller to resolve all of these problems. This 
Schottky bipolar device provides the flexibility of external 
access control, along with automatic access timing gen- 
eration, without the need for an external timing generator 
clock. In addition, on-board capacitive drivers allow direct 
drive for over88 DRAMs. With the simple addition of refresh 
clocks, the circuit can perform hidden refresh automati- 
cally. But possibly one of the DP8409’s most important ad- 
vantages Is its upgradability for use with 256K DRAMs. 

All Control On-Chip 

Figure 7 is a block diagram of the DP8409. The ADS input 
strobes the parallel memory address into the row latches 
RO-8, the column latches CO-8, and bank select BO and 
B1. The nine output drivers may be multiplexed between 
the row or column input l atch es, or the 9-bit on-chip 
refresh counter. One of four RAS outputs is selected dur- 
ing an acce ss cy cle by setting the bank select inputs BO or 
B1. All four RAS outputs are active during refresh. Either 
exter nal or automatic control is available on-chip for the 
CAS output, while an on-chip buffer is provided to mini- 
mize skew associated with WE output generation. 

All DRAM address and control outputs on the DP8409 can 
directly drive in excess of 500 pF, or the equivalent of 88 
DRAMs (4 banks of 22 DRAMs). All output drivers are 
closely matched, significantly reducing output skew. 
Each output stage has symmetrical high and low logic 
level drive capability, insuring matched rise and fall time 
characteristics. 

Flexibility and Upgradability to 256K 

The 9 multiplexed address outputs and 9-bit internal re- 
fresh counter of the DP8409 not only guarantee its use 
with all current DRAMs (16K and 64Ks), but also enable 
direct addressing capability for the forthcoming 256K 
DRAMs. Careful design of memory boards, using the cur- 
rent 64K DRAMs with the DP8409, will Insure direct up- 
gradability to 256K DRAMs. This can be done by simply 
allowing for board address extension by two bits and 
designing the ninth address trace (Q8) of the DP8409 to 
connect to pin 1 of the DRAMs (A8). This is, in general, a 
nonconnected pin in 64Ks and the ninth address in 256Ks. 
All that need be done is to remove the 64Ks and replace 
them with 256Ks, thereby increasing the memory on the 
same board by a 4 to 1 ratio. The resulting development 
cost saving can be significant. 

Three mode pins (MO, M1 and M2) offer externally select- 
able modes of operation, a key reason for the DP8409’s ap- 
plication flexibility (Table II). The operational modes are 
divided between external and automatic memory control. 
Modes 0, 3b, and 4 provide full control of access and 
refresh for systems with external memory controllers or 
for special purpose applications. Here all timing can be 
directly controlled by the external system as shown in 
Figure 2. 
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* Indicates that there 
is a 3 kn pull-up 
resistor on these 
outputs^hen they 
are disabled. 


FIGURE 1. DP8409 Block Diagram 


TABLE 11. DP8409 MODE SELECT OPTIONS 


Mode 

(RFSH) 

M2 

M1 

MO 

Mode of Operation 

Conditions 

0 

0 

0 

0 

Externally Controlled Refresh 

RF l/0 = E0C 

1 

0 

, 0 

1 

Auto Refresh —Forced 

RF I/O = Refresh Request (RFRQ) 

2 

0 

1 

0 

Internal Auto Burst Refresh 

RF 1/0='^ 

3a 

0 

1 

1 

All ^ Auto Write 

RF l/0 = E0C 

3b 

0 

1 

1 

Externally Controlled All RAS Access 

All RAS Active 

4 

1 

0 

0 

Externally Controlled Access 


5 

1 

0 

1 

Auto Access, Slow tpAH. Hidden Refresh 


6 

1 

1 

0 

Auto Access, Fast tpAH 


7 

1 

1 

1 

Set End of Count 



Modes 1, 5 and 6 provide on-chip automatic access se- 
quencing with hidden refresh capability. A graphic ex- 
ample of the automatic access modes of the DP8409 is 
shown in Figured. All DRAM ac cess tim ing and control Is 
generated from one input strobe, RASIN; no external clock 
Is required. On-chip delays Insure proper address and con- 
trol sequencing once the valid parallel address is pre- 
sented to the fa ll-through input latches of the DP 84Q9. 
When the RASIN transitions high-to-low, the decoded RAS 
output transitions low, strobing the row address into the 
DRAM array. An on-chip delay automatically generates a 
guaranteed selectable (mode 5 or 6) row address hold 
time. At this point, the DP8409 switches the address out- 
puts from the row latch to the column latch. Then another 
on-chip delay generates a guaranteed column address 


set-up time before CAS, so that the CAS output automati- 
cally strobes the column address into the DRAM array. 
Read or write cycles are controlled by the system through 
Independent control of the WE buffer that is provided on- 
chip to minimize delay skewing. The automatic access 
mode makes the dynamic RAM appear static wi th respe ct 
to access timing. In this mode, only one signal, RASIN, is 
needed after valid parallel addresses are presented to the 
DP 8409 to init iate p roper access sequencing. Access tim- 
ing (RASIN to CAS), with full output loading of 88 DRAMs 
in the auto access mode, is determined by the dash num- 
ber given on the DP8409 data sheet. All performance char- 
acteristics are specified over the full operating 
temperature and supply ranges. 
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Drams may be 16K, 64K or 256K 
For 4 banks, can drive 16 data 
bits + 6 check bits for ECC. 

For 2 banks, can drive 32 data 
bits + 7 check bits for ECC. 

For 1 bank, can drive 64 data 
bits + 8 check bits for ECC. 

'These outputs may need damping 
resistors to prevent overshoot, 
undershoot at memories. 



ROW/COLUMN SEL 

write 


CASIN 

ADS 

HAS 3 

RAS 2 

BO 

RAS 1 


RAS 0 

RO-6. 7, 8 


CO-6. 7, 8 

DP8409 

B1 











ux 



FIGURE 2. Typical Application of DP8409 Using External Control and Refresh in Modes 0 and 4 


B1 

BO 




FIGURE 3. This figure demonstrates the automatic accessing capability of the DP8409. Only one strobing edge, RASIN, 
is required for generation of all DRAM access timing signals. This is accomplished with on-chip delay generators, 
eliminating the need for external delay lines. No access timing clock is necessary. 
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Refreshing 

The DP8409 also provides hidden refresh capability while 
in one of the automatic access modes (Figure 4). In this 
mode, it will automatically perform a refresh without the 
system being interrupted. To do this, the DP8409 requires 
two clock signals, refresh clock (RF CK) w hich defines the 
refresh period (usually 16 fis), and RAS generator clock 
(RGCK), which is typically the microprocessor clock. 

Highest priority is given to hidden refreshing through use 
of level sensing of RFCK. A refresh cycle begins when 
RFCK transitions to a high level. ]^uring the time RFCK is 
high the DP8409 is deselected (CS in the high state) and 
the processor is accessing another portion of the system 
such as another memory segment, or ROM, or a periph- 
eral, then a hidden refresh is performed. W hen a re ad or 
write cycle is initiated by the processor, the RASIN input 
on the DP8409 transitions low. With CS high, this causes 
the present state of the internal refresh counter t o be 
placed on the address outputs, followed by the four RAS 
outputs transitioning low, strobing the r efresh a ddress 
into the DRAM array. W hen t he cycle ends, RASIN will ter- 
minate, thus forcing the RAS outputs back to their inactive 
state and ending the hidden refresh. The refresh counter Is 
then Incremented and another microprocessor cycle can 
begin immediately. However, to save power, the DP8409 
will allow only one hidden refresh to occur during a given 
RFCK cycle. 

In the event that a hiddeh refresh does not occur, the 
DP8409 must force a refresh before the RFCK’s next posi- 
tive-going transition. The system is notified after the 


negative-going RFCK transition that a hidden refresh has 
not occurred, via the refresh request output (RF I/O pin). 
The system acknowledges the request for a forced refresh 
by setting M2 (refresh) low on the DP8409 and preventing 
further access to the DP8409.The DP8409 then uses RGCK 
to generate an automatic forced refresh. The refresh re- 
quest pin then returns to the inactive state, and the 
DP8409 allows the processor to take full system control 
after the forced refresh has been completed. 

OCTAL MEMORY DRIVERS 

When the memory array becomes large and the 88-DRAM 
drive capability of the DP8409 becomes Insufficient, addi- 
tional address and control buffers are required. However, 
like any other element in a DRAM system, selection of the 
improper driver can have significant Impact on system 
performance. 

In the past, this function has been performed using 
Schottky logic family circuits such as the DM74S240 octal 
inverter or the DM74S244 octal buffer. The output stages 
of these devices have good drive capability, but their per- 
formance with heavy capacitive loads is not ideal for 
DRAM arrays. The key disadvantage of these devices is 
their nonsymmetrical rise and fall time characteristics 
and their long propagation delays with heavy load capaci- 
tance. The former Is a result of impedance mismatch in 
the upper and lower output stages. The latter stems from 
process capability and circuit design techniques not 
tailored to the DRAM application. The combined result of 
all these factors is increased output skew in address and 
control lines when these devices are used as buffers. 



CAS 



FIGURE 4. Hidden and Forced Refresh Timing of the DP8409 
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Two new devices are now available for this application. 
The DP84240 is pin and function compatible with the 
DM74S240. The DP84244 is likewise compatible with the 
DM74S244. However, this is where the similarity between 
the devices ends. Both the DP84240 and the DP84244 have 
been designed specifically to drive DRAM arrays. Figured 
shows a typical application of the DP84244, used in con- 
junction with the DP8409, to drive a very large memory 
array. 

Figures 6a, 6b show some typical performance curves 
for these circuits. Note that, at over 500 pF, the propaga- 
tion delay through these drivers is on the order of 15 ns. 
This delay includes propagation delay and rise or fall 
time. Even with this high speed, chip power dissipation 


is still maintained at a reasonable level as demonstrated 
by the graphs shown in Figures 7a, 7b of power versus 
frequency. 

The DP84240 and the DP84244 are fabricated on a high 
performance oxide-isolated Schottky bipolar process. 
Special circuit techniques have been used to minimize In- 
ternal delays and skews. Additionally, both rise and fall 
time characteristics track closely as a function of load ca- 
pacitance. This has been accomplished through imped- 
ance matching of the upper and lower output stages. The 
result of these characteristics Is a substantial reduction 
of skew in both the address and control lines to the DRAM 
array. 


•Resistor required depends on DRAM load. See AN-305 
“Precautions to Take When Driving Memories.” 
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FIGURE 5. The DP84244 Used as a Buffer in a Large Memory Array (greater than 88 DRAMs) Controlled by the DP8409 
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FIGURE 6a. tpLH Measured to 2.7V on Output vs. Cl FIGURE 6b. tpHL Measured to 0.8V on Output vs. Cl 
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capacitance. This problem must be factored as an addi- 
tional delay through these drivers— a delay not shown by 
the data sheet specifications. Additionally, the problem 
becomes increasingly severe as multiple driver inputs are 
used in parallel for bus expansion applications. 

Both the DP84240 and the DP84244 are designed to signifi- 
cantly reduce both static and dynamic input capacitance. 
When these devices are driven with standard logic cir- 
cuits, no appreciable overhead delay need be added to the 
basic device delay specifications due to input pulse 
distortion. 

ERROR CORRECTION 


FIGURE 7a. Typical Power Dissipation for DP84240 
at Vqc = 5.5V (All 8 drivers switching 
simultaneously) 



0 1.0 2.0 3.0 4.0 5.0 


f-FREQUENCY (MHz) 


FIGURE 7b. Typical Power Dissipation for DP84244 
at Vcc = 5.5V (Ail 8 drivers switching 
simuitaneousiy) 


The determination of v/hether a DRAM system requires 
error correction must be resolved early in the system 
design. A positive answer to this question may have far- 
reaching impact on board development time and compo- 
nent cost. It is clear, however, that such a decision cannot 
be taken lightly. 

The type and origin of errors in DRAM systems are many 
and can result from a number of sources (Table III). Current 
estimates of soft error rates due to alpha particles in 64K 
RAMs indicate some hope that these error rates will be 
similar or possibly better than those found in 16K 
DRAMS— but the facts are still somewhat unclear. How- 
ever, it is clear that the introduction in the near future of 
256K DRAMs with even smaller memory cells and greater 
chip densities will place a significant challenge on DRAM 
chip designers to keep these rates down. It is believed by 
some that error correction may become mandatory In 
future DRAM system designs. Currently, the decision to 
add error correction is not so straightforward. It depends 
on many factors, not the least of which is the end user’s 
perception of its value to system uptime and reliability. 


The output stages of the DP84240 and the DP84244, 
although well matched, are relatively low impedance. Out- 
put impedance is under 10n. Some DRAM arrays will re- 
quire the addition of damping resistors in series with the 
outputs of the drivers. These damping resistors are used 
to minimize undershoot which may have a harmful effect 
on the DRAMs if allowed to become large. This under- 
shoot is caused by the high transient currents from the 
drivers necessary to drive the capacitive loads. These high 
currents pass through a distributed inductive/capacitive 
circuit created by the board traces and the DRAM load, 
causing the undershoot. 

The damping resistor has specifically not been placed on- 
chip because its value is dependent on the DRAM array 
size and board layout. In fact, address lines will quiteoften 
require a different resistor value from the DRAM control 
lines. The resistor must be tuned for a particular board 
layout since too high a resistor will produce an exces- 
sively slow edge and too low a resistor will not remove the 
undershoot. Values for damping resistors may vary from 
15fi to 150fi, depending on the application. Placing any 
value of damping resistor on-chip, other than a value less 
than the minimum, severely restricts the application of 
these high performance circuits. 

Another key advantage of both the DP84240 and the 
DP84244 is their low input capacitance. Previous address 
buffer/drivers (such as the DM74S240/244) have high input 
capacitance. Fast edges at the inputs of these drivers 
become slower and distorted due to this dynamic input 


TABLE III. THE SOURCES AND TYPES OF 
MEMORY ERRORS 


Error 

Type 

Sources 

System Action 

Soft 

• Alpha particles 

• System noise 

• Chip patterns 

• Power glitches 

Temporary system error- 
may be overwritten with a 
low probability of 
repetition 

Hard 

• Stuck memory bit 

• Memory chip interface 

• Interface circuit failure 

Permanent failure— may 
act as logic 1 or 0 


Generally, error correction will always be found in highly 
reliable systems using DRAMs, such as process control 
equipment, banking terminals, and military systems where 
high data integrity and minimum downtime are priorities. 
However, the importance of error correction has grown 
substantially, to the point that it is now used as a selling 
feature in the vast majority of large memory-based sys- 
tems. In fact, some major computer houses have adopted 
guidelines for use by their designers in the development of 
DRAM arrays. A somewhat common set has been found— 
if the memory array is on the order of 1/4 million bytes, 
then word parity should be used. This permits the detec- 
tion of single bit errors but does not allow error correction. 
When the total memory approaches 1/2 million bytes, then 
double bit error detection and single bit error correction 
should be added. 

The decision to add error correction to a system is costly, 
both in memory overhead and control hardware. Table IV 


7-8 







TABLE IV. CHECK BIT OVERHEAD FOR MULTIPLE BIT 
ERROR DETECTION AND SINGLE BIT ERROR 
CORRECTION 


Number of Bits 

Number of 

Percentage 

in Memory 

Check Bits 

of Excess 

Data Word 

Required 

Memory 

8 

5 

63% 

16 

6 

38% 

24 

6(7) 

25% (29%) 

v32 

7 

22% 

48 

7(8) 

15% (17%) 

64 

8 

13% 


Note: The number stated assumes the use of the DP8400; the number in 
parentheses is required by other error correction circuits. 


lists the number of additional memory chips required to 
support single bit error correction and double bit error 
detection as a function of the memory data word width. 

This table also shows the percentage of DRAM overhead 
required to implement this function. Adding error correc- 
tion also increases the memory access delay, since the in- 
formation contained in the overhead chips must be ana- 
lyzed In each read and generated in each write operation. 

DP8400 Expandable Error Correction Chip 

The DP8400 expandable error checker/corrector is shown 
in block diagram form in Figured. This circuit offers a high 
degree of flexibility in applications which range from 8-bit 


to 80-bit data words. It is a 16-bit chip that is easily expand- 
able with the simple addition of more DP8400s for each 
16-blt word increment. 

Figures 9a, 9b and 9c demonstrate its basic operation in 
the write and read memory access cycles. Figure 9a 
shows the normal write cycle, where system data is used 
by the DP8400 to generate parity bits, called check bits, 
based on certain combinations of the data bits. This com- 
bination is defined ’by the DP8400’s matrix shown in 
Figure 10. Whenever a ‘1’ occurs in any row, the corre- 
sponding Input data bit at the top of the column helps 
determine the parity for that check bit labeled at the end of 
the row. These check bits are written along with the data at 
the same memory address. Also, during a memory write 
cycle the DP8400 checks system byte parity. This is parity 
associated with the data bytes transmitted between the 
processor and the memory card. This is an optional fea- 
ture that may prove very valuable in multiple board 
memory systems. 

Sometime later a read will occur at this same memory 
address. The reading of memory data may be performed in 
two ways, as shown In Figures 9b and 9c. In the read cycle, 
the DP8400 uses the data read from memory and internally 
regenerates check bits using the same matrix. These 
newly generated check bits are then compared (using X-OR 
gates) v/ith the check bits read from memory to detect 
errors. The result of this comparison is called a syndrome 
word. Any differences in the generated versus read check 
bits will result in at least one syndrome bit true. This indi- 
cates an error in either the read data or check bit field or 
both. 
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FIGURE 8. DP8400 Simplified Block Diagram 
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FIGURE 9a. Normal Write Mode with DP8400 
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FIGURE 9b. Normal Read Mode Using the 
Error Monitoring Method with the DP8400 
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FIGURE 9c. Normal Read Mode Using the 
Always Correct Method with the DP8400 
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A key advantage of the DP8400 is that it has three error 
flags detailing the type of error occurrence. These are 
generated using the syndrome word in the manner shown 
in Figure 11. The resulting error type identifications are 
shown in Table V. The three error flags allow complete 
error type identification, plus the unique determination of 
double bit errors, which will be key during the discussion 
of double bit error correction. Also, on a memory read, the 
DP8400 generates byte parity bits for transmission to the 
processor along with the data. 


SG, SG ANY SYNDROME BIT 



SYNDROME 

BUS 

FIGURE 11. The DP8400 Error Encoder 
Generating 3 Error Flags 


TABLE V. ERROR FLAGS AFTER NORMAL READ 


AE 

El 

EO 

Error Type 

0 

0 

0 

No error 

1 

1 

0 

Single check bit error 

1 

1 

1 

Single data error 

1 

0 

0 

Double-bit error 

All Others 

Invalid conditions 


There are two basic memory read methods that may be 
used with the DP8400. The first is shown in Figure 9b and 
is called the error monitoring method. Here, the read data 
is assumed to be correct and the processor immediately 
acts on the data. If the DP8400 detects an error, the proc- 
essor is interrupted using the any error flag (AE). Using 
this method, there is no detection delay in most memory 
reads since errors seldom occur, but when an error does 
occur, the processor must be capable of accepting an in- 
terrupt and a read cycle extension to obtain the corrected 
data from the DP8400. 

A second approach is called the always correct method, 
Figure 9c. In this case, the data is always assumed to be in 


error and the processor always waits for the DP8400 to 
analyze whether an error exists. Then the corrected or un- 
changed data is read from, the DP8400. Although this 
method results in longer memory read time, every memory 
read will always be of the same delay except when a dou- 
ble error occurs. The selection of which method to use 
depends on many factors, including the processor, system 
structure, and performance. 


Double Bit Error Correct 

The probability of double bit errors In DRAM systems is 
relatively low, but as memory array sizes grow, the occur- 
rence of these error types must be considered. Adopting 
certain practices, such as rewriting a memory location 
whenever an error is detected, or using “memory scrub- 
bing” techniques, can significantly reduce the probability 
of a double soft error occurrence. Memory scrubbing is 
when the system, during low usage, actually accesses 
memory solely for the purpose of identifying and correct- 
ing single soft errors. This is an important technique if 
there are segments of the memory that are not always be- 
ing accessed so that soft error occurrences would not be 
quickly found. 

The occurrence of a double error comprising one soft and 
one hard must now be considered. This type of error has a 
higher probability than two soft errors. The hard error may 
be due to a catastrophic chip failure, and a subsequent 
soft error will create two errors. This can be a source of 
concern since most error correction chips cannot handle 
double errors of this type. Therefore, most systems will 
“crash” when a catastrophic chip failure is coupled with a 
soft error In the same memory address. 

The DP8400 has been designed to handle just such an oc- 
currence. It can correct any double bit error, as long as at 
least one of the errors is a hard error. The DP8400 does this 
without the need for extra hardware required for the basic 
double bit detect/single bit correct system implementa- 
tion. This method is called the double complement correct 
technique and is demonstrated in Figure 12 using a 4-bit 
data word for simplicity. In this example, a single hard 
error is located in the most significant bit of a particular 
memory location and a soft error occurs at the next bit. 
The position of the errors is not important since the errors 
may be distributed in either the data or check bit field or 
both. First, the data word and corresponding check bits 
are written to this memory location. When a later read of 
this location occurs, step A, two errors are directly re- 
ported by the DP8400 error flags. The system detects this, 
disables memory, and places the DP8400 in the comple- 
ment write mode. This causes the previously read data 
and check bits to be complemented in the DP8400 and 
written back to the same memory address, step B, writing 
over the previous soft error. Obviously this does not 
modify the cell where the hard error exists. The system 
then reads from the same address again, but this time it 
places the DP8400 in the complement read mode, step C. 
The DP8400 again complements the memory data and 
check bits and generates newcheck bits based on the new 
data word. At this point, the chip detects a single bit error 
in the bit position where the soft error occurred, and using 
the conventional single error correction procedure, 
returns corrected data to the system, step D. 

In the second read, the complement read, the hard error 
repeats since this bit location again receives a bit which is 
complemented with respect to itself. But the soft error has 
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been overwritten and does not repeat. Effectively, the 
memory has complemented the hard bit error position 
twice and the soft bit error position only once, while the 
DP8400 complements both positions twice. Therefore, 
after the second read, there is only one error left, the soft 
error. Since this Is now a single error it can be directly 
corrected. 

After the complement correct cycle, the memory must be 
rewritten with the corrected data since the address now 
contains data that Is complemented. Full error reporting Is 
available from the DP8400 after the second read, the com- 
plement read, of memory. This is shown in Table VI. 

This method is a very effective tool to avoid system crash 
due to memory chip failure, and can do much to reduce un- 
scheduled field service calls. The only time the system will 


see a double error that is not directly correctable Is when a 
double soft error occurs. The probability of this Is very low 
if the previously discussed techniques are used. The extra 
time taken to do an additional read and write of memory Is 
insignificant when the alternative is a system that has a 
catastrophic failure that requires immediate field service. 
Using this technique, software may be provided in the sys- 
tem to warn the operator that the system Is in a degraded 
operational mode and that field service should occur 
shortly. In the meantime, the system will continue to 
operate properly. The key to the effectiveness of the 
DP8400 in this application is Its three error flags which 
allow complete error reporting— Including a unique 
double error indication. 



FIGURE 12. Double Error Correct Complement Hard Error Method— 
1 Hard Error and 1 Soft Error in Data Bits 


TABLE VI. DP8400 ERROR FLAGS AFTER A COMPLEMENT READ 


AE 

El 

EO 

Error Type 

0 

0 

0 

Two hard errors 

1 

1 

0 

One hard error, one soft check bit error 

1 

1 

1 

One hard error, one soft data bit error 

1 

0 

0 

Two soft errors, not corrected 
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MICROPROCESSOR INTERFACE CIRCUITS 

The major 8-bit and 16-bit microprocessors have different 
control signal timing. There are also a number of speed op- 
tions. The DP8400 family was designed, not for a specific 
microprocessor, but rather, significant control flexibility 
has been provided on both the DP8409 and the DP8400 for 
easy interface to any microprocessor. However, a certain 
amount of “glue” is necessary to interface to these LSI cir- 
cuits, usually in the form of a number of MSI/SSI logic cir- 
cuits,. Not only can this be costiy in board space utiliza- 
tion, but it is usually the one place where the most design 
related problems occur in system development. 

Figures 13 and 14 show the DP8400 family solution to this 
problem—the DP84300 series of microprocessor inter- 
face circuits. Figure 13 shows how the DP84300 refresh 
timer and the DP843X2 microprocessor interface circuit 
connect to the DP8409 and various microprocesssors. 
Figure 14 shows the DP8409 and the DP8400 together in a 
microprocessor-based memory system using DRAMs, 
with double bit error detect and single bit error correct 
capability. In addition, it shows that with the simple addi- 
tion of some standard data buffers, how the system can 
implement byte writing to the DRAM array. 


This system structure requires the insertion of few or no 
wait states during a memory access cycle, thus maximiz- 
ing throughput. The DP84300 circuits have been designed 
to work with the DP8409 to control refreshing so that 
system throughput is affected only when absolutely 
necessary. First, in any refresh clock period of 16 fis, hid- 
den refreshing is given maximum opportunity. This can be 
helped with the optional DP84300 refresh interval gener- 
ator which offers maximum high-to-low ratioing of RFCK. 
Second, when a hidden refresh does not occur in a par- 
ticular RFCK cycle, a forced refresh may still not affect a 
slow access cycle. The worst-case is when an access is 
pending during a forced refresh, in which case a three wait 
state delay Is usually the maximum penalty. 

Usually two DP84300 type chips would be required to in- 
terface between any microprocessor and the DP8400/ 
DP8409 combined system. These chips would handle 
the read/write control as well as error detection and cor- 
rection control. Table VII shows the individual DP84300 
circuits that would be used in systems with no error 
correction, thus requiring only the DP8409 DRAM 
controller. 


I 


16-BIT MICROPROCESSOR DATA BUS 


RAMS MAY BE 16K, 64K 
OR 256K'" 


ADDR 

STROBE 


MICROPROCESSOR 


CLOCK 

R/W 


UPPER BYTE 
LOWER BYTE 


MICROPROCESSOR 
ADDRESS BUS 


ADDRESS 
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TT 


4, 6, 8 OR 10 MHz 


I I 

STATUS 



a 
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f WAIT+ 


^The select wait 
input to the DP843X2 
chip inserts a wait 
state during accessing. 
This is necessary for 
very fast microprocessors. 
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FIGURE 13. Connecting the DP8409 Between 16-Bit Microprocessor and Memory 
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The DP8400 DRAM interface family provides complete 
solutions to memory support. This begins with the LSI 
functions such as the DP8400 expandable error checker/ 
corrector and the DP8409 DRAM controller/driver. It con- 
tinues with the DP84240 and the DP84244 high perform- 
ance buffer/drivers. Finally, it concludes with easy Inter- 
face to popular microprocessors with the use of the 
DP84300 series. It Is the first family of DRAM support cir- 


cuits designed for universal applications with multiple 
microprocessors. 

Data sheets and more detailed application information 
are available for all the members of the DP8400 family. 
Contact your local National Semiconductor representa- 
tive or National Semiconductor directly. 



FIGURE 14. Flexible application of the DP8409 and DP8400. This figure shows an application with 
a 16-bit microprocessor. 

TABLE VII. THE DP84300 SERIES OF INTERFACE 
CIRCUITS FOR VARIOUS 16-BIT MICROPROCESSORS 


16-Bit 

Microprocessor 

System Using 

Only DP8409 

National 

DP84312 

16032 


Motorola 

DP84322 

68000 


Intel 

DP84332 

8086/8 


Zllog 

(2) 74S64 

8000 

(1) 74S04 
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National 

Semiconductor 


Dynamic Memory Support 


DP84240/DP84244 Octal TRI-STATE® MOS Drivers 


General Description 

The DP84240 and DP84244 are octal TRI-STATE drivers 
which are designed for heavy capacitive load applications 
such as fast data buffers or as memory address drivers. 
The DP84240 is an inverting driver which Is pin-compat- 
Ible with both the 74S240 and AM2965. The DP84244 is a 
non-inverting driver which Is pin-compatible with the 
74S244 and AM2966. These parts are fabricated using 
an oxide isolation process, for much faster speeds, and 
are designed for load capacitances of 250pF or greater. 


Features 

■ tpd specified with 250 pF and 500pF loads 

■ Output specified from 0.8V to 2.7V 

■ Designed for symmetric rise and fall times at 
600 pF 

■ Outputs glitch free at power up and power down 

■ PNP inputs reduce DC loading on bus lines 

■ Low static and dynamic input capacitance 

■ Low skew times between edges and pins 

■ AC parameters specified with all outputs switching 
simultaneously 


TRI-STATE® is a registered trademark of National Semiconductor Corporation 


Connection Diagrams Truth Tables 

DP84240 


TOP VIEW 



TUF52t9 


Inputs 

Outputs 

G 

A 

Y 

H 

X 

Z 

L 

L 

H 

L 

H 

L 


H = High Level 
L = Low Level 
X = Don’t Care 
Z = High Impedance 


DP84244 


TOP VIEW 



Inputs 

G A 

Outputs 

Y 

H X 

Z 

L L 

L 

L H 

H 


Order Number DP84240J, DP84244J, 
DP84240N or DP84244N 
See NS Package J20A or N20A 


TUF5219 
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DP84240/DP84244 


Absolute Maximum Ratings (Note i) 

Supply Voltage, Vcc 7.0V 

Logical “1” Input Voltage 7.0V 

Logical “0” Input Voltage -1.5V 

Storage Temperature Range -65°C to +150®C 

Maximum Power Dissipation* at 25"C 
Cavity package 1667mW 

Molded Package 1832mW 

Lead Temperature (soldering, 10 seconds) 300®C 


•Derate cavity package 11.1mW/‘’C above 25 “C: (derate mol(ded 
package 14.7mW/®C above 25‘‘C. 


Operating Conditions 


V(3C Supply Voltage 
Ta Ambient Temperature 


Min 

4.5 

0 


Max 

5.5 

+70 


Units 

, V 
°C 


Electrical Characteristics Vcc = 5 v ± io%, o < Ta < 7o°c. see Notes 2 and 3. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|N(1) 

Logical “1” Input Voltage 


2.0 



V 

V|N(0) 

Logical “0” Input Voltage 




0.8 

V 

l|N(1) 

Logical “T Input Current 

V,n = 2.7V 


0.1 

20 

mA 

V,n = 7.0V 



100 

f^A 


l|N(0) 

Logical “0” Input Current 

0<V|n<0.4V 


-50 

-200 

mA 

VcLAMP 

Input Clamp Voltage 

liN = -18mA 


-1 

-1.2 

V 

VoH 

Logical “1” Output Voltage 

loH = “100mA 

Iqh = <tiA 

Vcc -1.15 
Vcc “1.5 

4.3 

3.9 


V 

VoL 

Logical “0” Output Voltage 

loL = “lO^A 

Iql — 12 mA 


0.2 

0.3 

0.4 

0.5 

V 

ho 

Logical “1” Drive Current 

Vout = 1.5V 

-75 

-250 


mA 

•OD 

Logical “0” Drive Current 

Vout=1.5V 

+100 

+150 


mA 

Hi-Z 

TRI-STATE Output Current 

0.4V<Vout<2.7V 

-100 


+100 

mA 

•cc 

Supply Current 

All Outputs Open 






DP84240 

All Outputs High 

1 

16 

50 




Ail Outputs Low 


74 

125 1 




All Outputs Hi-Z 


80 

125 

mA 


DP84244 

All Outputs High 


40 

75 



All Outputs Low 


100 

130 



, 

All Outputs Hi-Z 


115 j 

150 
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Switching Characteristics Vcc = 5V±10%, 0<Ta< 70°C, all outputs loaded with specified load capacitance 

and all eight outputs switching simultaneously. (See Note 3.) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Propagation Delay from 


Cl = 250pF 

9 

16 

27 

ns 

LOW-to-HIGH Output 

Figures 1 & 3 

Cl = 500pF 

10 

20 

33 

— 

tpHL 

Propagation Delay from 

Cl = 250pF 

9 

16 

25 

ns 

HIGH-to-LOW Output 


Cl = 500pF 

12 

20 

31 

tpLZ 

Output Disable Time from LOW 

Figures 2 & 4, 

S = 1, Cl = 50pF 

— 

11 

24 

ns 

tpHZ 

Output Disable Time from HIGH 

Figures 2 & 4, 

3 = 2, Cl = 50pF 


12 

24 

ns 

tpZL 

Output Enable Time to LOW 

Figures 2 & 4, 

S = 1, Cl = 500pF 


30 

45 

ns 

tpZH 

Output Enable Time to HIGH 

Figures 2 & 4, 

S = 2, Cl = 500pF 


23 

35 

ns 

tSKEW 

Output-to-Output Skew 

See Note 4. 

Figures 1 & 3 

Cl = 500pF 


3 


ns 


Capacitance 

Ta = 25°C, f = 1 MHz, Vcc = 5V ± 10%. See Note 3. 


Parameter 

Conditions 

Typ 

Units 

C|N 

All other inputs tied low 

6 

PF 

CoUT 

Output in TRI-STATE 

20 

1 

PF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise 
noted. All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at Vqq = 5.0V and T/^ = 25°C. 

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 
for the switching time variations. 
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DP84240/DP84244 


Switching Test Circuits 


FROM 
DEVICE O- 
OUTPUT 



*cl includes probe and jig capacitances 

TUF5219 


FIGURE 1. Capacitive Load Switching 


Vcc 


FROM 

DEVICE 

OUTPUT 


O- 


T 

I 



1 



TUF5219 


FIGURE 2. Three-State Enable/Disable 


Typical Switching Characteristics 


INPUT 




^1.5V 

tPLH 




tPHL 



^ 0.8V 


t 


tr=tf=2.5ns 

f=2.5MHz 

tpw=200ns 


Voltage Waveforms 


ENABLE 

INPUT 

3.0V 


OV 


VOL 

OV 


TUF5219 



tr=tf=2.5ns 

f=1MHz TUF5219 

tpw=800ns 


FIGURE 3. Output Drive Levels 

Typical Performance Curves 



FIGURE 4. Three-State Control Levels 



FIGURE 5. tpLH Measured to 2.7V on Output vs. Cl FIGURE 6. tpHL Measured to 0.8V on Output vs. Cl 
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Typical Performance Curves (Continued) 



FIGURE 7. Typical Power Dissipation for DP84240 at 
Vcc = 5.5V (All 8 drivers switching 
simultaneously) 



Vcc = 5.5V (All 8 drivers switching 
simuitaneously) 


Typical Application 


•Resistor required depends on DRAM load. See AN-305 
“Precautions to Take When Driving Memories.” 



HAS 3 


RAS 2 


RAS 1 


RAS 0 

DP8408/9 

m 

DYNAMIC 

RAM 

CONTROLLER 

cKs 


AO-7 



UP TO 72 
BIT 

DATA BUS 


•These outputs may need resistors. 

See App. Note “Precautions to Take When Driving Memories.” 



DP84244 used as a buffer in a large memory array (greater than 88 dynamic RAMs) 
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Single-Chip Controllers 
Cover All RAMs from 16k to 256k 


A family of single-chip dynamic RAM controllers provides the access-timing 
and refreshing capability for any chip made, or projected. 


Single-chip controllers cover 
all RAMs from 16-k to 256-k 


While the high performance and low cost of MGS 
dynamic RAMs make them the most widely used 
digital semiconductor devices, operating them is 
more difficult than most other memory chips. De- 
mands are growing for both the automatic sequenc- 
ing of RAM-access timing and the automatic control 
of refreshing. National Semiconductor’s response is 
the DP8400 family of memory-interface circuits. The 
first two members, the DP8408 and the DP8409, are 
powerful single-chip dynamic-RAM controllers 
housed in 48-pin dual-in-line packages and, more 
important, designed to drive the entire range of 
dynamic RAMs. 

The DP8408’s eight address outputs drive all cur- 
rent 16-k and 64-k dynamic RAMs. The DP8409, with 
nine address outputs, not only handles the same 
RAMs as the 8408, but can control the coming 
generation of 256-k memory chips. Both devices are 
pin-compatible, which means a system designed with 
the DP8408 to control 64-k chips can be directly 
upgraded to the DP8409 when 256-k RAMs appear 
on the market. Another benefit for designers is 
alternate-sourcing— the first DP8400 devices are 
available from MonolithicMemories(Sunnyvale,CA). 

The DP8408, a subset of the DP8409, fits into 
applications that do not require automatic 
refreshing. But it does have automatic access modes. 
The DP8409 is designed for any type of dynamic 
RAM system, from small microprocessor-based 
systems to large memory boards. An automatic- 
accessing mode makes it desirable in mainframes, 
since it reduces skew time to that of just one chip, 
while offering tracking of the RAM input controls. 
This faster accessing permits the use of slower 
RAMs. With 64-k RAMs, for example, the cost 


Mike Evans, Applications Manager, Logic Group 
Charles Carinalli, Design Manager, Interface Circuits 


savings between 200-ns and 150-ns devices is signifi- 
cant when large quantities are involved. 

Microprocessor users will prefer the DP8409 to 
other controllers because a single chip performs all 
the basic automatic access sequencing and automatic 
refreshing control. (If desired, external refreshing 
can be used with either controller.) Fast automatic 
accessing eliminates the need for the wait states that 
are normally required in faster microprocessors. 
Automatic refreshing eliminates complicated re- 
fresh-arbitration control circuitry while offering a 



largestdynamic RAMs (256 k), National Semiconductor’s 
DP8409 RAM controller drives every RAM available. Features 
include automatic accessing, automatic refreshing, and high- 
impedance outputs when not selected. An 8-bit version, the 
DP8408, operates with RAMs up to 64 kbits, and is used in 
applications that do not require automatic refreshing. 


Published in Electronic Design, February 4, 1982. 
Reprinted by permission. 






hidden refresh feature to increase the system 
throughput. The DP8409 offers full control, includ- 
ing byte writing, of the 68000, 8086, and Z8000 
microprocessors, and National Semiconductor’s new 
16032 16-bit microprocessor. 

Controlling a dynamic RAM is no simple task (see 
“Dynamic RAM Operation— from RAS to CAS”). 
Three timing delays are required for an access, and 
refreshing must be performed continually. With the 
arrival of powerful 16-bit processors and their large, 
direct memories, a single-chip controller becomes 
necessary for efficient system design. Propagation 
timing delays through the controller must be in the 
tens of nanoseconds to minimize total access time. 
Moreover, to eliminate the propagation delays 
caused by additional memory drivers, a controller 
should be capable of directly driving a large number 
of RAMs. The controller must also reduce component 
cost and conserve PC-board area. 

To fulfill these requirements,- the DP8408 and 8409 
are fabricated in bipolar technology rather than 
MOS. LSI capability exists in bipolar technology, and 
bipolar dynamic-RAM controllers are already 
available. Two such controllers, Intel’s 8202 and 
AMD’s 2964 ( AMZ8164), represented early attempts 
to bring timing delays under system control. 

In the Intel device, the clock is independent of the 


access-request signal, causing excessive synchroniz- 
ing delays before the appearance of the output 
signals. This leads to long system access times, and 
for most 16-bit microprocessors requires the inser- 
tion of wait states. The AMD controller is an address 
multiplexer with an on-board refresh counter and 
bank selection for up to four banks of RAMs. While 
this device drives a small number of RAMs, AMD 
offers octal memory drivers that can be placed 
between the 2964 and the RAMs. Delays become 
progressively longer as timing signals proceed 
through the delay timer, the 2964, and the additional 
drivers. And external components are needed to 
initiate timing delays. Quite simply, the DP8408 and 
DP8409 go well beyond the access-time and func- 
tional capabilities of the 8202 and 2964. 

On board the RAM controllers 

A functional block diagram of the DP8409 is shown 
in Fig. 1. The DP8408 is similar, except for its 8- 
bit-wide multiplexed address-bus and the fact that 
its R/C and CASIN inputs do not provide dual func- 
tions asRFCK andRGCK inputs, as they do in the 8409. 

The multiplexed address outputs of both con- 
trollers can be selected from the row or column input 
latches, or from the refresh counter. A high level 
on input signal ADS enables input row-addresses, Ro 



day when 256-kblt dynamic RAMs are available. By designing-in the controller now, no 
modifications to printed-circuit boards will be necessary when 256-k devices are developed. 
Simply exchanging controller chips will allow the memory -control capability of a 
microprocessor to increase by four times. 
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through Rg, input column-addresses Co through Cg, 
and bank-select inputs Bo and Bi into their respective 
input latches. ADS also latches these signals on its 
low-going edge. In a normal RAM access, Bo and Bi 
are decoded to determine which bank is selected. By 
enabling one of the four RAS outputs (when RASIN 
goes low), the contents of the row-address latch are 
strobed into the selected RAMs. 

Now the control logic causes the row addresses to 
be replaced with the column addresses, and CAS goes 
low as determined by the control logic. This causes 
the contents of the column-address latch to be 
strobed into the selected RAMs. 

On a write cycle, WE must be low as CAS goes low; 
on a read cycle, WE must be high. For a read-modify- 
write cycle, WE must go low some time after CAS— 
this is specified in RAM data sheets. To simplify 
control, WE follows win unconditionally 20 ns later, 
typically. Three mode pins— Mo, Mi, and M2 (M2 is 
refresh mode)— offer externally selected operating 
modes. For example, mode 5— automatic access- 
identified by code 101, can be changed to mode 1— 
forced refresh— identified by code 100, when M 2 is 
driven low. These modes include automatic and 
external control of accesses, and various refreshing 
modes. 

Input pin^ selects or deselects the controller to 
allow for multiaddressing of memory. For accesses, 
CS is normally low, but to access a second DP8409 
sharing the same memory, ^ of the first 8409 must 
go high. This puts the three-state address outputs 
in a high-impedance high-state through an external 
5-ki2 pull-up resistor, and sets the control signals to 
a high impedance to prevent them from drifting low; 
a low level can result in a false access. Switching 
between chips takes about 30 ns, providing fast 
multiaddressing. Refreshing must be performed us- 
ing only one chip. As ^ goes high in mode 5, 
deselection is overridden and, provided RFCK is 
already high, hidden refreshing can occur. 

Input/output pin RF I/O can be used to clear the 
refresh counter when it has been set low by an 
external open-collector gate. It also sends out an end- 
of-count signal— a low level — when the refresh 
counter has filled (counts are selectable to 127, 255, 
or 511). This is a useful feature for burst refreshing. 
In the automatic-refresh mode, RF I/O becomes the 
signal Refresh Request. 

No problems with capacitive loads 

One important asset of the DP8408 and 8409 is their 
ability to drive high-capacitance loads. RAM inputs 
are generally specified as having a maximum input 
capacitance of 10 pF/pin, but in large RAM systems, 
the worst-case input capacitance is usually on the 
order of 2.5 pF per input. However, one or two devices 



3. The DP8408/8409’s automatic-accessing capabiiity uses 
on-chip deiay paths to provide faster access whiie saving on 
external delay-timing circuitry. On-chip Schottky inverters 
track extremely well with temperature and voltage, keeping 
access-times stable. 

in a system can go up to 10 pF, especially at high 
temperature. On the other hand, RAM input currents 
carry specifications of around 10 maximum, but 
actual input currents seldom exceed 3 ^A per input 
in large systems. Of the two parameters— 
capacitance! and input current — high capacitance 
always causes more system problems. 

In addition to a RAM’s input capacitance, designers 
must consider the capacitance of the PC-board 
traces. The value of capacitance depends on trace 
length, nearness to other traces, board thickness, etc. 
Generally, this amounts to about 3.2 pF per input, 
giving a total worst-case input capacitance of 5.7 
pF/input. 

The output stages of the DP8408/8409 can drive 
up to 88 RAMs, or 500 pF of capacitive loading. 
Looking at it another way, the controllers can drive 
four banks each of 16-data bits plus 6 associated 
check bits for error correction; two banks of 32 data 
bits with 7 check bits; one bank of 64 data bits with 
8 check bits; or any smaller combination. Output rise 
and fall times are proportional to the capacitive 
loading, and more than 500 pF increases transition 
time. Similarly, less than 500 pF decreases propaga- 
tion delays. 

The output-driver stages of the DP8409/8409 are 
matched. Each stage has symmetrical high and low 
drive capability, which require that the high and low 
on-resistances be the same. High output currents are 
needed to quickly charge or discharge the effective 
RAM load capacitance on each output. In most 
applications, a series damping resistor is required 
between each output and the RAM to minimize 
undershoot. Undershoot occurs at RAM inputs hav- 
ing both inductive board traces and high capacitive 
loads on high-to-low transitions. 
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The value of the series damping resistor depends 
heavily on the board layout. Address lines usually 
use a value different from control lines, but both are 
functions of layout and input loading. The resistor 
is almost tuned to a specific board since too high a 
value yields an excessively slow edge, while too low 
a value does not remove the undershoot. In any case, 
damping-resistor values vary from 15 to 100 il. 

Control over all RAMs 

The DP8408 and 8409 are designed to control all 
multiplexed-address dynamic RAMs. The DP8408, 
with eight multiplexed address outputs and an 8-bit 
refresh counter, controls 16-k dynamic RAMs (+5 
V or three-power-supply types) and both configura- 
tions of 64-k RAMs (128 rows by 512 columns or 256 
rows by 256 columns). Memory users can specify 
either of the two 64-k RAM configurations provided 
the refresh counter on the DP8408 is used. This 
replaces on-the-RAM refresh counters offered by 
some RAM manufacturers. 

The DP8409’s nine address pins and 9-bit refresh 
counter allow it to pOntrol 16-k, 64-k, and 256-k 
RAMs. Designers can take advantage of the 8409’s 
256-k capability by building current memory boards 
using the device. No modifications will be needed 
when the 256-k RAMs are available. By simply 
providing for two new input address lines and 
connecting Qg (the ninth multiplexed address output) 
to Ar (pin 1) of the RAMs, the memory size can be 
increased instantly by a factor of four. Figure 2 
shows how the connections are made. 

Automatic accessing capability is provided by the 
8408 and 8409 using on-chip delay paths to generate 
the correct timing sequence (Fig. 3). These delays 
are initiated from only one input signal, RASIN. This 
generates all the access-sequencing required by most 
RAMs. Automatic accessing operates in the follow- 
ing manner; First, RASIN is used to generate the 
selected RAS output as decoded from bank-select 
signals Bi and Bo. RASIN is also fed to the first series 
of Schottky inverters to produce the necessary delay 
before rows can be switched to columns. This guaran- 
tees exceeding the row-address hold time (tRAn) of 
most RAMs. For 64-k RAMs, tRAH varies from 20 
to 25 ns, so the minimum specification for the 8408 
and 8409, 30 ns, is on the safe side. If the address 
outputs are driving 500-pF loads, switching from row 
addresses to valid column addresses takes 10 ns. The 
second series of inverters setCAS low 12 ns (typically) 
after the columns are valid. 

The inverters track with temperature and Vcc, as 
do the output driver stages. Tracking of the output 
paths holds over the specified temperature and Vcc 
ranges. Since Schottky-logic parameters do not vary 
significantly with temperature or Vcc, the absolute 


times are not affected by more than 25% over the 
0 to 70°C range. At the end of an access-cycle, RASlN 
goes high and the sequence repeats at a higher speed 
to terminate the cycle. 

An automatic-access mode offers two important 
advantages: First, there is no need for external 
timing delay circuitry — this saves cost, memory- 
board area, and the timing skews that external 
circuitry introduces. Second, this sequence is much 
faster than a clocked sequencing approach — that is, 
the delay from RASIN input to CAS output is much 
shorter. Benefits include a faster system access time, 
the possibility of eliminating a wait state in a 
microprocessor memory-access cycle, or the ability 
to choose slower RAMs (a lower-cost solution) 
without affecting access time. And since both chips 
need no external memory drivers, the timing skews 
are confined to just one chip. 

If automatic timing is not desired, another mode 
allows all timing to be under the control of the 
relevant external control signals. RASIN initiates the 
selected RAS output, R/C selects either the row or 
column address, and CASIN controls CAS. 

Refreshing comes in many forms 

The DP8408 performs refresh operations only un- 
der external control. The microprocessor system 
decides when a refresh is needed by setting M 2 
(REFRESH) low to place the refresh counter contents 
on the address outputs. Then the system sets RASIN 
low to allow all four RAS outputs to low-stroke the 
refresh address into the rows of all four banks of 
RAMs. CAS is inhibited, preventing a false write, and 
the RAM data outputs remain in a high-impedance 
state. 

A refresh cycle ends when RASIN goes high and the 
refresh counter increments, ready for the next 
refresh cycle. Most RAMs require that all 128 rows 
be refreshed in 2 ms, or 256 rows in 4 ms. This can 
be accomplished by either guaranteeing a refresh on 
one row every 16 ^s, or performing a burst refresh 
of 128 rows at the start of each 2-ms period, until 
RF I/O indicates end-of-count. Most system designers 
prefer one refresh every 16 /is. But this can involve 
inhibiting normal memory accessing, and requires 
refresh arbitration. 

The end-of-count indication on RF I/O can be set 
under external system control to either 127 or 255 
for burst-refresh applications. Actually, the internal 
address counter still counts to its maximum value, 
independent of the end-of-count value— the RF I/O 
value is a result of counter decode and does not reset 
the counter. This simplifies the RAM interface since 
the higher-order address bit-count is ignored by 
RAMs with 128 rows. 

In addition to providing the external-control 
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refresh mode of the 8408, the 8409 performs hidden 
refreshing in one of the automatic-access modes. To 
attain maximum throughput, it is obviously advan- 
tageous to perform refreshes without interrupting 
the system. The DP8409 can do this by monitoring 
the ^ input to see if it is high. If CS is high, the 
RAMs are not being accessed. If ^ is high for one 
cycle, the 8409 performs a hidden refresh during this 
cycle, and stops in time for the system to start 
another access. But if a hidden refresh does not occur 


in a specific 16-^8 time slot, a refresh must be forced, 
possibly by stopping the system. 

To perform auto-refreshing, the DP8409 must 
receive two clock signals: the 16-/us refresh-period 
clock, RFCK, andRGCK, theRAS-generator clock; RGCK 
can be the microprocessor clock. To keep the number 
of pins at 48, RFCK and RGCK share pins with other 
signals. In the automatic-access mode (mode 5), 
neither R/C nor CASIN are used, so these duplicate 
as RFCK and RGCK in modes 1 and 5. To stop the 


Dynamic RAM operation— from RAS to CAS 


The operation of a dynamic 
RAM (see figure) is, in a word, 
complex: Not only do its multi- 
plexed address inputs require de- 
layed timing signals, but it must 
be refreshed continually. 

During an access to a RAM, the 
first step requires that a row ad- 
dress be presented to the multi- 
plexed address inputs. As the row- 
address signal (R^) goes low, the 
address is latched into the row 
latch, and decoded to the memory 
array. There, the outputs from the 
selected row are presented to the 
sense amplifiers. Row addresses 
must be held on the address inputs 
for a predetermined time— -tRAiL- 
or row-address hold-time— after 
RAS switches low. 

At this time, the row address 
can be replaced by a column-ad- 
dress. When a column address is 
valid, the column-address strobe 
(caI) goes low to latch the address 
into the column latch. Column- 
addresses are decoded to allow a 
selected sense amplifier to send 
data to the output data-latch (dur- 
ing a read cycle). In a write cycle, 
with the Write Enable signal 
(WE) already low, a low-going CAS 


signal causes the selected cell to be 
set to the value at the data input. 

The RAM block diagram shows 
the chip’s operation, including the 
internal gating of the control 
signals. One key feature is that 
RAS internally controls CAS. Thus, 
if RAS is already low when CAS goes 
low, a normal read or write cycle 
follows, and the chip consumes its 
full operating current. On the 
other hand, if CAS goes low while 
RAS is high, Int is inhibited 
along with RAS, and the RAM con- 
sumes only the current required 
for standby. In this case, the chip 
is deactivated. Similarly, WE INT is 
controlled by both RAS and CAR 

This simplifies bank selection 
by using different RAS outputs to 
select the banks. CAS and WE can 
be common to all the RAM -banks, 
along with the multiplexed ad- 
dressing. For example, in a four- 
bank system, only one RAS goes 
low in any access-cycle. This ac- 
tivates all the RAMs in a selected 
bank, but does not activate RAMs 
in the other three banks. These 
latter RAMs remain in the 
standby mode. The common data 
bus accesses only the selected 


bank, whether reading or writing. 

Besides a complex sequencing 
arrangement, dynamic RAMs 
must be refreshed to prevent the 
capacitor in each cell from losing 
its charge, which represents in- 
formation. If any row is not ac- 
cessed for top long a period of time 
—the refresh period— capacitors 
will discharge, causing the voltage 
to drop below the sense-amplifier 
threshold. Then, when the row is 
finally accessed, its outputs will 
appear as all zeros or all ones, 
depending on which side of the 
sense amplifier is accessed. 

Most RAMs have 2-ms mini- 
mum refresh times, but 64-k 
dynamic RAMs are typically much 
higher. When accessing a row for 
refresh, RAS is needed for a strobe, 
but Ms is not necessary. The 
simplest approach to refreshing is 
to access a refresh counter that 
increments at the end of each 
refresh RAS. For some RAMs, 128 
rows must be refreshed in 2 ms, 
while others require refreshing 
256 rows in 4 ms. With distributed 
refreshing, one row must be 
refreshed every 16 /xs for proper 
operation. 
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system, the DP8409 gives preference to hidden 
refreshing using RFCK as a level reference. The 16- 
/xs cycle commences as RFCK goes high; if CS goes high 
while RFCK is high, the refresh counter is enabled 
on the address outputs, overriding the internal three- 
state signals (Fig. 4a). All four RAS outputs follow 
RASin, so to perform a refresh , RaSiN must be set 
low. In smaller systems, RASI^J is set low every time 
a microprocessor performs a read or write cycle. 
Each time the processor accesses something other 
than RAM— a peripheral or ROM or another memory 
segment— a hidden refresh is performed. 

The DP8409 detects that ^ is high when the 
processor accesses another section of the system and 
places the present state of the refresh counter 
outputs on the multiplexed address bus to memory. 
When the Read or Write output of the 
microprocessor is activated, RAStN follows. This 
causes all four RAS outputs to low-strobe the refresh 



4. Automatic refreshing can be performed in three different 
ways with the DP8409 controller. A hidden refresh (a) occurs 
while the microprocessor is reading or writing elsewhere In 
the system. Although undesirable, forced refreshing (b) can 
be performed by stopping the microprocessor. A better 
technique for forced refreshing (c) is to Insert wait states into 
the processor timing cycle. 


address into the RAMs. When the cycle ends, RASIN 
ends, forcing the four RA§ outputs back to their 
inactive states. This ends the hidden refresh. 

At this time, the refresh counter increments, and 
another microprocessor cycle can begin immediately. 
This cycle can be a memory access; therefore, the 
previous refresh cycle has been completely hidden 
from the microprocessor. The DP8409 allows only 
one such hidden refresh cycle to occur within a clock 
cycle of RFCK to minimize power dissipation. 

If a hidden refresh does not occur, the DP8409 must 
force a refresh before RFCK begins a new cycle on 
a low-to-high transition. Therefore, as RFCK goes low 
(and a hidden refresh has not occurred), RF I/O 
(Refresh Request) goes low requesting that a refresh 
be performed. When the system acknowledges the 
request, it sets M 2 (refresh) low, and prevents further 
accesses to the DP8409. The 8409 then sends out the 
refresh-counter contents and interrogates RGCK— in 
most applications, RGCK is 100 to 150 ns. The 8409 
waits one full cycle of RGCK before setting all four 
RAS outputs low. This guarantees that the minimum 
RAS precharge time of the RAMs is exceeded. Then 
RF I/O goes high, allowing the system to recognize 
that holding is about to end. Most microprocessors 
allow enough time so that as refresh finishes, they 
are almost ready to begin again. The Ras outputs 
remain low for the next two clock periods to exceed 
the minimum Iras time for refreshing— 200 ns is 
about the right time. When all RAS outputs go high, 
the refresh counter increments. 

A minimum component-count solution to forced 
refreshing is to connect RF I/O to the Hold or Bus- 
Request input of a microprocessor, and the Hold 
Acknowledge or Bus Grant output to M 2 (Fig. 4b). 
For some microprocessors, it may be preferable to 
continue operation without going into hold, and with 
additional circuitry, the approach can be easily 
implemented as shown in Fig. 4c. Using this tech- 
nique of forced refreshing, the control circuit 
monitors the refresh-request output. When this 
output switches low, the control circuit waits for a 
new microprocessor cycle to begin. If the next cycle 
is for the segment of memory controlled by the 
DP8409,C^ and the control circuitry will be set low. 
The control circuitry issues a Wait signal to the 
microprocessor, which is removed when refreshing 
has ended. If ^ is set high, the refresh cycle begins 
and ends without affecting other system cycles. In 
effect, this is still a hidden refresh. □ 
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General Description 

Dynamic memory system designs, which formerly re- 
quired several support chips to drive the memory array, 
can now be implemented with a single 1C. . .the DP8408 
Dynamic RAM Controller/Driver. The DP8408 is capable 
of driving all 16k and 64k Dynamic RAMs (DRAMs). 
Since the DP8408 is a one-chip solution (including 
capacitive-load drivers), it minimizes propagation delay 
skews, the major performance disadvantage of multiple- 
chip memory drive and control. 

The DP8408’s 6 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be 
controlled externally or on-chip automatically; an on- 
chip refresh counter makes refreshing less complicated. 

The DP8408 is a 48-pin DRAM Controller/Driver with 8 
multiplexed address outputs and control signals. It 
consists of two 8-bit address latches, an 8-blt refresh 
counter, and control logic. All output drivers are capable 
of driving 500 pF loads with propagation delays of 25ns. 
The DP8408 timing parameters are specified driving the 
typical load capacitance of 88 DRAMs, including trace 
capacitance. 

The DP8408 has 3 mo de-control p ins: M2, M1, and MO, 
where M2 is In general REFRESH. These 3 pins select 6 
modes of operation. Inputs B1 and BO in the memory 
access mod es (M 2 = 1), are select Inputs which select 
one of four RAS outputs. During normal access, the 8 
address outputs can be selected from the Row Address 
Latch or the Column Address Latch. During refresh, the 
8-bit on-chip refresh cou nter is enabled onto the address 
bus and in this mode all RAS outputs are selected, while 
CAS is inhibited. 

The DP8408 can drive up to 4 banks of DRAMs, with 
each ba nk compri sed of 16 k’s, or 64k’s. Control signal 
outputs RAS, CAS, an d WE are provided with the same 
drive capability. Each RAS o utput drives one bank of 
DRAMs so that the four R AS outputs are used to select 
the banks, while CAS, WE, and the multiplexed addresses 
can be connected to all of the banks of DRAMs. This 
leaves the non-selected banks In the standby mode (less 
than one tenth of the operating power) with the data out- 
put in TRI-STATE®. Only the bank with its associated 
RAS low will be written to or read from. 


Operational Features 

■ All DRAM drive functions on one chip — minimizes 
skew on outputs, maximizes AC performance 

■ On-chip capacitive-load drives (specified to drive up 
to 88 DRAMs) 

■ Drives directly all 16k and 64k DRAMs 

■ Capable of addressing 64k and 256k words 

■ Propagation delays of 25ns typical at 500 pF load 

■ CAS goes low automatically after column addresses 
are valid if desired 

■ Auto Acces s mo de provides RAS, Row to Column, 
select, then CAS automatically and fast 

H WE follows WIN unconditionally— offering READ, 
WRITE or READ-MODI FY-WRITE cycles 

■ On-chip 8-bit refresh counter with selectable End-of- 
Count (127 or 255) 

■ End-of-Count indicated by RF I/O pin going low at 
127 or 255 

■ Low input on RF I/O resets 8-bit refresh counter 

■ CAS Inhibited during refresh cycle 

■ Fall-through latches on address Inputs controlled by 
ADS 

■ TRI-STATE outputs allow multi-controller addressing 
of memory 

■ Control output signals go high-impedance logic “1” 
when disabled for memory sharing 

■ Power-up: counter reset, control signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 

Mode Features 

■ 6 modes of operation: 3 access, 1 refresh, and 2 set-up 

■ 2 externally controlled modes: 1 access (Mode 4) and 
1 refresh (Modes 0, 1, 2) 

■ 2 auto-access modes RAS -► R/C CAS automatic, 
with tpAH = 20 or 30 ns minimum (Modes 5, 6) 

■ Externally controlled All-RAS Access modes for 
memory initialization (Mode 3) 

■ End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 
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Block Diagram 



Table 1. DP8408 Mode Select Options 


' 

Mode 




Mode of Operation 

Conditions 

0 

0 

0 

0 

Externally Controlled Refresh 

RFl/0 = E0C 

1 

0 

0 

1 

2 

0 

1 

0 

3 

0 

1 


Externally Controlled All-RAS Write 

All-RAS Active 

4 

1 

0 

0 

Externally Controlled Access 

Active RAS defined by Table 2 

5 

1 

0 

1 

Auto Access, Slow tpAH 

Active RAS defined by Tabie 2 

6 

1 

1 

0 

Auto Access, Fast tRAH 

Active RAS defined by Table 2 

7 

1 

1 

1 

Set End of Count 

See Table 3 for Mode 7 
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Pin Definitions 

Vcc> GND, GND — Vcc = 5V ± 5%. The three supply pins 
have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are also 
two ground pins to reduce the low level noise. The 
second ground pin is located two pins from Vcc, so that 
decoupling capacitors can be Inserted directly next to 
these pins. It Is important to adequately decouple this 
device, due to the high switching currents that will 
occur when all 8 address bits change in the same direc- 
tion simultaneously. A recommended solution would be 
a VF multilayer ceramic capacitor in parallel with a low- 
voltage tantalum capacitor, both connected as close as 
possible to pins 36 and 38 to reduce lead inductance. 
See Figure below. 

Vcc (PIN 36) O 


GND (PINS 38, 13) O 

‘Capacitor values should be chosen depending on the 
particular application. 


T 

i 


1 

T 


‘MULTILAYER 

CERAMIC 


‘TANTALUM 


R0-R7: Row Address Inputs. 

C0-C7: Column Address Inputs. 

Q0-Q7: Multiplexed Address Outputs — Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter.* 

RASIN: Row Address Strobe Input — Ena bles selected 
RASn output when M2 (RFSH) is high, or all RASn outputs 
when RFSH is low. 

R/C: Row/Column Select Input — Selects either the row 
or column address input latch onto the output bus. 

CASIN: Column Address Strobe Input — Inhibits CAS 
output when hig h in M odes 4 and 3. In Mode 6 it can be 
used to prolong CAS output. 

ADS: Address (Latch) Strobe Input — Row Address, Col- 
umn Address, and Bank Select Latches are fall-through 
with ADS high; Latches on high-to-low transition. 

CS: Chip Select Input — TRI-STATE’s the Address Out- 
puts and puts the control signal into a high-impedance 
loglc.“T’ state when high (except in Mode 0); enables all 
outputs when low. 

MO, Ml, M2: Mode Control Inputs — These 3 control pins 
determine the 6 major modes of operation of the DP8408 
as depicted in Table 1. 

RF I/O — The I/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as 
a flag output. The flag goes active-low when M2 = 0 and 
the End-of-Count output is at 127 or 255 (see Table 3). 


WIN: Write Enable Input. 

WE: Write Enable Output — Buffered output from WIN.* 

CA S: Co lumn Address Strobe Output — In Modes 5 and 
6, CAS goes low following valid column jddress. In 
Modes 3 and 4, it transitions l^ after R/C go es lo w, 
or follows CASIN going low if R/C is already low. CAS is 
high during refresh.* 

RAS 0-3: Row Address Strobe Outputs — Selects a 
memo ry bank de coded from B1 and BO (see Table 2), if 
RFSH is high. If RFSH is low, all banks are selected.* 

Bp, B1: Bank Select Inpu ts -- Strobed by ADS . Decoded 
to enable one of the RAS outputs when RASIN goes low. 
Also used to define End-of-Count in Mode 7 (Table 3). 

‘These outputs may need damping resistors to prevent overshoot, 
undershoot. See AN-305 "Precautions to Take When Driving 
Memories.” ' 


Table 2. Memory Bank Decode 


Bank Select 
(Strobed by ADS) 

Enabled RASp 

B1 

BO 

0 

0 

]^o 

0 

1 


1 

0 

^2 

1 

1 

R^3 


Connection Diagram 



NC=:N0 CONNECTION 


Order Number DP8408N, DP8408N-2 
DP8408N-3, DP8408D, DP8408D-2 or 
DP8408D-3 

See NS Package N48A or D48A 
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Conditions for ali Modes 

Input Addressing 

The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. 
The address latches are fall-through when ADS is high 
and latch when ADS goes low. If the address bus con- 
tains valid addresses until after the valid address time, 
ADS can be permanently high. Otherwise ADS must go 
low while the addresses are still valid. 

In normal memory access operation, RASIN and R/Care 
initially high. When the address inputs are enabled into 
the address latches, the row addresses appear on the Q 
outputs. The address strobe also inputs the bank-select 
address, (BO ^d B1). If CS is low, all outputs are en- 
abled. When CS is transitioned high, the address out- 
puts go TRI-STATE and the control outputs first go high 
through a low impedance, and then are held by an on- 
chip high impedance. This allows output paralleling 
with other DP8408s for multi-addressing. All outputs jo 
active about 50ns after the chip is selected again. If CS 
is high, and a refresh cycle begins, all the outputs 
become active until the end of the refresh cycle. 

Drive Capability 

The DP8408 has timing parameters that are specified 
with up to 600 pF loads. In a typical memory system this 
is equivalent to about 88, 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive 
four banks each of 16 or 22 bits, or two banks of 32 or 39 
bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the.timing parameters, 
and more loading will increase the timing parameters, 
according to the graph of Figure 6. The AC performance 
parameters are specified with the typical load capaci- 
tance of 88 DRAMs. This graph can be used to extrapo- 
late the variations expected with other loading. 

Because of distributed trace capacitance and induc- 
tance) and DRAM input capacitance, current spikes can 
be created, causing overshoots and undershoots at the 
DRAM inputs that can change the contents of the 
DRAMs or even destroy them. To remove these spikes, a 
damping resistor (low inductance, carbon) can be in- 
serted between the DP8408 driver outputs and the 
DRAMs, as close as possible to the DP8408. The values 
of the damping resisto rs m ay diffe r between the dif- 
ferent control outputs; RAS’s CAS, Q’s and WE. The 
damping resistors should be determined by the first 
prototypes (not wire-wrapped due to larger distributed 
capacitance and inductance). The best values for the 
damping resistors are the critical values giving a 
critically damped transition on the control outputs. 
Typical values for the damping resistors will be between 
15fi and 1,0012, the lower the loading the higher the value. 
(For more information, see AN-305 “Precautions to Take 
When Driving Memories.”) 


DP8408 Driving any 16k or 64k DRAMs 

The DP8408 can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including 
the newer 5V-only version. Hence, in most applications, 
different manufacturers’ DRAMs are Interchangeable 
(for the same supply-rail chips), and the DP8408 can 
drive all 16k DRAMs (see Figure la). 

There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no 
on-RAM refresh counter, and a 256-row by 256-column 
array with no on-RAM refresh counter. The DP8408 can 
drive all three configurations, and at the same time 
allows them all to be interchangeable (as shown in 
Figures 1b and 1c), providing maximum flexibility In the 
choice of DRAMs. Since the 8-bit on-chip refresh counter 
can be used as a 7-bit refresh counter for the 128-row 
configuration, or as an 8-bit refresh counter for the 
256-row configuration, the on-RAM refresh counter (if 
present) is never used. As long as 128 rows are 
refreshed every 2ms (i.e. 256 rows in 4ms) all DRAM 
types are correctly refreshed. 

When the DP8408 is in a refresh mode, the RF I/O pin 
Indicates that the on-chip refresh counter has reached 
its end-of-count. This end-of-count is selectable as 127 
or 255 to accommodate 16k or 64k DRAMs, respectively. 
Although the end-of-count may be chosen to be either of 
these values, the counter is not reset and always counts 
to 255 before rolling over to zero. 

Read, Write, and Read-Modify-Write Cycles 

The output signal, WE, determines what type of memory 
acces s cyc le the memory will perform. If WE is kept high 
while C AS g oes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and da ta at 
Dl (DRAM i nput data) is written Into the DRA M as CAS 
goes low. If WE goes low later than tewD CAS goes 
low, first a read occurs and DO (DRAM output data) 
becomes valid; then data D l is written into the same 
address in the DRAM when WE goes low. In this read- 
modify-write case, Dl and DO cannot be linked together. 
The typ e of cycle is therefore controlled by WE, which 
follows WIN. 

Power-Up Initialize 

When Vcc is first applied to the DP8408, an initialize 
pulse clears the refresh counter, the internal control 
flip-flops, and sets the End-of-Count of the refresh 
counter to 127 (which may be changed via Mode 7). As 
Vcc increases to about 2.3 volts, it holds the output 
control signals at a level of one Schottky diode-drop 
below Vcc, and the output address to TRI-STATE. As Vcc 
Increases above 2.3 volts, control of these outputs is 
granted to the system. 


m 


7-29 


DP8408 



DP8408 


DP8408 Driving any 16k or 64k Dynamic RAMs 


128 ROWS 
IN 2 MS 



FIGURE 1a. DP8408 with any 16k DRAMS 



ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES. 
MSB NOT USED BUT CAN TOGGLE 


FIGURE 1b. DP8408 with 128 Row x 512 Column 64k DRAM 



ALL 8 BITS OF REFRESH COUNTER USED 

FIGURE 1c. DP8408 with 256 x 256 Column 64k DRAM 
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DP8408 Functional Mode 
Descriptions 

Note: All delay parameters stated in text refer to the DP8408. Substitute 
the respective delay numbers for the DP8408-2 or DP8408-3 when using 
these devices. 

Modes 0,1,2 — Externally Controlled Refresh 

In this mode, the input address latches are disabled from 
the ad dres s outputs and the refresh counter is enabled. 
When RAS occurs, the enabled row in the DRAM is re- 
freshed. In the Externally Controlle d Refre sh m ode, all 
RAS outputs are enabled following RASIN, and CAS is 
inhibited. This refreshes the same row in all four banks. 
The re fresh counter increments when either RASIN or 
RFSH goes low-to-high after a refresh. RF I/O goes low 
when the count is 127 or 255, as se t by End-of-Count 
(see Table 3), with RASIN and RFSH low. To reset the 
counter to all zeroes, RF I/O is set low through an exter- 
nal open-collector driver. 

During refresh, RASIN and RFSH must be skewed tran- 
sitioning low such that the refresh address Is vali d on 
the address outputs of the controller before the RAS 
outputs go low. The amount of time that RFSH should 


go low before RASIN does d epen ds on the capacitive 
loading of the address and RAS lines. For the load 
specified in the switching characteristics of this data 
sheet, 10ns is sufficient. Refer to Figure 2. 

To perform externally controlled burst refresh, RASIN is 
toggled while R FSH is held low. The refresh counter in- 
crements with RASIN going low to high, s o that the 
DRAM rows are refreshed in succession by RASIN go- 
ing high to low. 


Mode 3 — Externally Controlled All-RAS Write 

This mode is useful at system Initialization. The mem- 
ory address is provided by the pr ocess or, which also 
perform s the Incrementing. All four RAS outputs follow 
RASIN (supplied by the pj;ocessor), strobing the row ad- 
dress into the DRAMs. R/ C ca n now go low, while CASIN 
may be used to control CAS ( as in the Externally Con- 
trolled Access mode), so that CAS strobes the column 
address contents into the DRAMs. At this time WE should 
be low, causing the data to be written Into all four banks 
of DRAMs. At the end of the write cycle, the input ad- 
dress is incremented and latched by the DP8408 for the 
next write cycle. 


* INDICATES DYNAMIC RAM PARAMETERS 




FIGURE 2. External Control Refresh Cycle (MODES 0,1,2) 
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Mode 4 — Externally Controlled Access 

This mode facilitates externally controlling all access- 
timing parameters associated with the DRAMs. The 
application of modes 0 and 4 are shown in Figure 3. 

Output Address Selection 

Refer to Figure 4a. With M2 (RFSH) and R/C high, the 
row address latch contents are transferred to the multi- 
plexed address bus output Q0-Q7, provided CS is set 
low. The column address latch contents are output after 
R/C goes low. RASIN can go low after the row address- 
es ha ve been set up on Q0-Q7. This selects one of the 
RAS outputs, strobing the row address on the Q outputs 
into the desired bank of memory. After the row-address 
hold-time of the DRAMs, R/C can go low so that about 
40ns later column addresses appear on the Q outputs. 

Automatic CAS Generation 

In a normal memory access cycle CAS can be derived 
from inputs CASIN or R/C. If CASIN is high, then R/C 


going low switch es the address output driver s fro m 
rows to columns. CASIN then going low c ause s CAS to 
go low approximately 40 ns later, allowing CAS to occur 
at a pre^ctable time (see Figure 4b). If CASIN is low 
when R/C goes low, CAS will be automatically gener- 
ated, following the row to column transition by about 20 
ns (see Figure 4a). Mos t DRAMs have a column address 
set-up time before CAS (tAsc) 0 ns or - 10 ns. In other 
words, a t^sc greater than 0 ns is safe. This feature re- 
duces timing-skew problems, thereby improving access 
time of the system. 

Fast Memory Access 

AC parameters toipi. tDiF 2 nnay be use d to det ermine the 
minimu m delays required between RASIN, R/C, and 
CASIN (see Application Brief 9; “Fastest DRAM Access 
Mode’’). 



FIGURE 3. Typical Application of DP8408 Using Externally Controlled Access and Refresh in Modes 0 and 4 
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Mode 5 — Automatic Access 


The Auto Access mode has two advantages over the 
Externally Controlled Access mode, due t o the fa ct that 
all outputs excep t WE a re Initiated from RASIN. First, 
Inputs R/C and CASIN are unnecessary. Secondly, 
because the output control signals are derived internally 
from one input signal (RASIN), timing-skew problems are 
reduced, thereby reducing memory access time substan- 
tially or allowing use of slower DRAMs. The automatic 
access features of Mode 5 (and Mode 6) of the DP8408 
make DRAM accessing appear essentially “static”. 

Automatic Access Control 

The major disadvantage of DRAMs compare d to s tatic 
RAMs Is the complex timing Involved. First, a RAS must 
occur with the row address previously set up on the 
multiplexed address bus. After the row address has been 


held for tpAH. (the Row-Address hold-ti me o f the DRAM), 
the column address is set up and then CAS occurs. This 
Is all performed automatically by the DP8408 In this 
mode. 

Provide d the input address is valid as ADS goes low, 
RASIN can g o low any time after ADS. This is because 
the selected RAS occurs typically 27ns later, by which 
time the row address is already valid on the address 
output of the DP8408. The Address Set-Up time (tASR)» is 
0ns on most DRAMs. The DP8408 in this mode (with ADS 
and RASIN edges simultaneously applied) produces a 
minimum tASR of 0 ns. This is true provided the input ad- 
dress was valid tASA before ADS went low (see Figure 5a). 

Next, the row address is disabled after tpAH (30ns minl- 
munn); In most DRAMs, tpAH minimum is less than 3 0ns. 
The column address is then set up and tAsc later, CAS 



INDICATES DYNAMIC RAM PARAMETERS 


FIGURE 5a. Modes 5, 6 Timing (CASIN High in Mode 6 
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occurs. The only other contr ol inp ut required Is WIN. 
When a write cycl e Is required, WIN must go low at least 
30 ns before CAS is output low. 

Th is gives a total ty pical delay from: input address valid 
to RASIN (15ns); to RAS ( 27 ns ); to rows held (50ns); to 
columns val id (25n s); to CAS (23ns) = 140ns (that is, 
125ns from RASIN). All of these typical figures are for 
heavy capacitive loading, of approximately 88 DRAMs. 
This mode is therefore extremely fast. The external timing 
is greatly simplified for the memo ry sys tem designer: 
the oniy system signal required is RASIN. 

Mode 6 — Fast Automatic Access 

The Fast Access mode is similar to Mode 5, but has a 
faster tpAH of 20ns, minimum. It therefore can only be 


used with fast 16k or 64k DRAMs (which have a tRAH of 
10ns to 15ns) in applications requiring fast access times; 
RASIN to CAS is typically 105ns. 

In this mode, the R/C pin is no t used, but C ASIN is used 
to allow an extended CAS after RAS has already 
terminated. Refer to Fi gure 5b. This Is desirable with 
fast cycle-times where RAS has to b e terminated as 
soon as possible before the next RAS begins (to meet 
the p recharge time, or tpp, re quireme nts of the DRAM). 
CAS may then be held low by CASIN to extend the data 
output valid tim e from the DRAM to allow the system to 
read the data. CASI N su bsequently goi ng hig h ends 
CAS. If this extended CAS Is not required, CASIN should 
be set high In Mode 6. 


INPUTS 


ADS 


- tADS - 


ADDRESS INPUTS/. 
DATA 


CASIN 


QO-7 ^ 


CAS 


WE 


DATA OUTPUT- 


<: 


tASA 


-tRICL- 


k- tAHA - 


ADDRESS VALID 


k tRpdL 


> 


DATA VALID IF WRITE 


tASR* 


tApd' 


1- tRAH 


ROWS VALID 


-tRCV- 



— 



— tos 


X 


tASC 




-twcs* 


tCRS 


-tRiCH- 


-tRpdH^ 


COLUMNS VALID 


tCCDH 


-tCAC* 


tOFF* 


-tRAC* 


VALID (READ) 




•INDICATES DYNAMIC RAM PARAMETERS 


FIGURE 5b. Mode 6 Timing, Extended CAS 
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Mode 7 — Set End-of-Count 


The End-of-Count can be externally selected In Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table 3). With B1 and BO the same EOC is 127; with 
B1=0 and B0 = 1, EOC is 255; and with B1=1 and 
B0 = 0, EOC is 127. This selected value of EOC will be 
used until the next Mode 7 selection. At power-up the 
EOC is automatically set to 127 (B1 and BO set to 11). 


Table 3. Mode 7 


Bank Select 
(Strobed by ADS) 

End of Count 

B1 

BO 

Selected 

0 

0 

127 

0 

1 

255 

1 

0 

127 

1 

1 

127 



0 200 400 600 800 1000 


CpF 

FIGURE 6. Change in Propagation Deiay vs. Loading Capacitance 
Reiative to a 500pF Load 
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Absolute Maximum Ratings (Note 1) Maximum Power Dissipation* at 25“C 

** Cavity Package 3542mW 

Supply Voltage, Vqc 7.0V Molded Package 2833nnW 

Storage Temperature Range -65°C to +150°C 

input Voltage 5.5V Operating Conditions 

Output Current 150 mA ^ ^ 

Lead Temperature (Soldering, 10 seconds) SOOX Units 

Vcc Supply Voltage 4.75 5.25 V 

’Derate cavity package 23.6mW/'’C above 25 “C; derate molded Ambient Temperature 0 +70 °C 

package 22.7mW/°C above 25 °C. 

ElCCtriCdl Chdrdct6ristics Vcc = 5.0V±5%, 0°C< Ta< 70°C unless otherwise noted (Notes 2, 6) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vc 

Input Clamp Voltage 

Vcc = Min., lc = “'>2mA 


-0.8 

-1.2 

V 

l|H1 

Input High Current for ADS, R/C only 

V,n = 2.5V 


2.0 

100 

mA 

•lH2 

Input High Current for All Other Inputs* 

Vin = 2.5V 


1.0 

50 

fuA 

I, RSI 

Output Load Current for RF I/O 

V|n = 0.5V, Output High 


-1.5 

-2.5 

mA 

I, CTL 

Output Load Current for RAS, CAS, WE 

Vin = 0.5V, Chip Deselect 


-1.5 

-2.5 

mA 

l|L1 

Input Low Current for ADS, R/C only 

V|n = 0.5V 


-0.1 

-1.0 , 

mA 

'lL2 

Input Low Current for All Other Inputs* 

V,n=0.5V 


-0.05 

-0.5 

mA 

V|L 

Input Low Threshold 




0.8 

V 

VlH 

Input High Threshold 


2.0 



V 

Vqli 

Output Low Voltage* 

loL = 20mA 


0.3 

0.5 

V 

VoL2 

Output Low Voltage for RF I/O 

loL = “lOnnA 


0.3 

0.5 

V 

VoHI 

Output High Voltage* 

loH=-1nnA 

2.4 

3.5 


V 

VoH2 

Output High Voltage for RF I/O 

Iqh = -lOOptA 

2.4 

3.5 


V 

ho 

Output High Drive Current* 

Vout = 0.8V (Note 3) 


-200 


mA 

■OD 

Output Low Drive Current* 

Vout = 2.7V (Note 3) 


200 


mA 

loz 

TRI-STATE Output Current 
(Address Outputs) 

0.4V < VouT < 2.7V, 

CS = 2.0V, Mode 4 

-50 

1.0 

50 

mA 

■cc 

Supply Current 

Vcc = Max. 


210 

285 

mA 

* Except RF I/O Output. 

Switching Characteristics: DP8408/DP8408-3 Vcc = 5.ov ± 5 %, o°c<Ta< 7o°c unless other- 

wise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs includ- 
ing trace capacitance. These values are; Q0-Q7, Cl = 500pF; RAS0-RAS3, Cl = 150pF; WE, Cl = 500pF; CAS, 

Cl = 600pF, unless otherwise noted. See Figure 7 for test load. Switches SI and S2 are closed unless otherwise noted, 
and R1 and R2 are 4.7kQ unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

Symbol 

Access Parameter 

Conditions 

8408 

8408 - 3 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tRICL 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

95 

125 

160 

95 

125 

185 

ns 

tRICL 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 5b 

80 

105 

140 

80 

105 

160 

ns 

tRICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

40 

48 

60 

40 

48 

70 

ris 

tRICH 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 5b 

50 

63 

80 

50 

63 

95 

ns 

^RCDL 

RA3 to CAS Output Delay (Mode 5) 

Figure 5a 


98 

125 


98 

145 

ns 

^RCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 5a, 5b 


78 

105 


78 

120 

ns 

^RCDH 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 


27 

40 


27 

40 

ns 

tRCDH 

RAS to CAS Output Delay (Mode 6) 

Figure 5a 


40 

65 


40 

65 

ns 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 5b 

40 

54 

70 

40 

54 

80 

ns 

tRAH 

Row Address Hold Time (Mode 5) 

Figure 5a 

30 



30 



ns 

tRAH 

Row Address Hold Time (Mode 6) 

Figures 5a, 5b 

20 



20 



ns 

Use 

Column Address Setup Time (Mode 5) 

Figure 5a 

8 



8 



ns 

Use 

Column Address Setup Time (Mode 6) 

Figures 5a, 5b 

6 



6 



ns 

Ucv 

RASIN to Column Address Valid 
(Mode 5) 

Figure 5a 


90 

120 


90 

140 

ns 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

Conditions 

8408 

8408-3 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpcv 

RASIN to Column Address Valid (Mode 6) 

Figures 5a, 5b 


75 

105 


75 

120 

ns 

tpPDL 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

20 

27 

35 

20 

27 

40 

ns 

tpPDH 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

15 

23 

32 

15 

23 

37 

ns 

Updl 

Address Input to Output Low Delay 

Figures 4a, 4b, 5a, 5b 


25 

40 


25 

46 

ns 

tAPDH 

Address Input to Output High Delay 

Figures 4a, 4b, 5a, 5b 


25 

40 


25 

46 

ns 

tsPDL 

Address Strobe to Address Output Low 

Figures 4a, 4b 


40 

60 


40 

70 

ns 

tsPDH 

Address Strobe to Address Output High 

Figures 4a, 4b 


40 

60 


40 

70 

ns 

tASA 

Address Setup Time to ADS 

Figures 4a, 4b, 5a, 5b 

15 



15 



ns 

tAHA 

Address Hold Time from ADS 

Figures 4a, 4b, 5a, 5b 

15 



15 



ns 

tADS 

Address Strobe Pulse Width 

Figures 4a, 4b, 5a, 5b 

30 



30 



ns 

twPDL 

WIN to WE Output Delay 

Figure 4b 

15 

25 

30 

15 

25 

35 

ns 

twPDH 

WIN to WE Output Delay 

Figure 4b 

15 

30 

60 

15 

30 

70 

ns 

tCRS 

CASIN Setup Time to RASIN High (Mode 6) 

Figure 5b 

35 



35 



ns 

tcPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 4b 

32 

41 

68 

32 

41 

77 

ns 

tcPDH 

CASIN to CAS Delay 

Figure 4b 

25 

39 

50 

25 

39 

60 

ns 

tpcc 

Column Select to Column Address Valid 

Figure 4a 


40 

58 


40 

67 

ns 

tpCR 

Row Select to Row Address Valid 

Figures 4a, 4b 


40 

58 


40 

67 

ns 

tpHA 

Row Address Held from Column Select 

Figure 4a 

10 



10 



ns 

^CCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


65 

90 




ns 

^DIFI 

Maximum (tRpDL- tRHA) 

See Mode 4 
description 



13 



18 

ns 

tDIF2 

Maximum (tRcc-tcPDL) 

See Mode 4 
description 



13 



18 

ns 

Refresh Parameter 

tpc 

Refresh Cycle Period 

Figure 2 

100 



100 



ns 

tpASINL.H 

Pulse Width of RASIN during Refresh 

Figure 2 

50 



50 



ns 

tpFPDL 

RASIN to RAS Delay during Refresh 

Figure 2 

35 

50 

70 

35 

50 

80 

ns 

tpFPDH 

RASIN to RAS Delay during Refresh 

Figure 2 

30 

' 40 

55 

30 

40 

65 

ns 

tpFLCT 

RFSH Low to Counter Address Valid 

CS = X, Figure 2 


47 

60 


47 

70 

ns 

tpFHRV 

RFSH High to Row Address Valid 

Figure 2 


45 

60 


45 

70 

ns 

tROHNC 

RAS High to New Count Valid 

Figure 2 


30 

55 


30 

55 

ns 

tRLEOC 

RASIN Low to End-of-Count Low 

Cl = 50pF, Figure 2 



80 



80 

ns 

tRHEOC 

RASIN High to End-of-Count High 

Cl = 50pF, Figure 2 



80 



80 

ns 

tRST 

Counter Reset Pulse Width 

Figure 2 

70 



70 



ns 

tCTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 



100 

ns 

TRI-STATE Parameter 

tzH 

CS Low to Address Output High from Hi-Z 

Figure 8 

R1=3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

tHZ 

CS High to Address Output Hi-Z from High 

Cl = 15pF, 

Figure 8 

R2 = 1 k, S1 open 


20 

40 


20 

40 

ns 

tZL 

CS Low to Address Output Low from Hi-Z 

Figure 8 

R1=3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

tLZ 

CS High to Address Output Hi-Z from Low 

Cl = 15pF, 

Figure 8, 

R1 = 1 k, S2 open 


25 

50 


25 

50 

ns 


7-38 



Switching Characteristics (com d) 

Symbol 

TRI-STATE Parameter 

Conditions 

I 8408 

8408-3 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

^HZH 

CS Low to Control Output High from 

Hi-Z High 

Figure 8 

R2 = 750Q, S1 open 


50 

80 


50 

80 

ns 

^HHZ 

CS High to Control Output HI-Z High 
from High 

Cl=15pF, 

Figure 8 

R2 = 750Q, S1 open 


40 

75 


40 

75 

ns 

^HZL 

CS Low to Control Output Low from 

Hi-Z High 

Figure 8 

S1, S2 open 


45 

75 


45 

75 

ns 

tLHZ 

CS High to Control Output Hi-Z High 
from Low 

Cl = 15pF, 

Figure 8, 

R2 = 750Q, S1 open 


50 

80 


50 

80 

ns 

Switching Characteristics: DP8408-2 Vcc = s.ov ± 5%, o°c < Ta < 7o°c unless otherwise noted 

(Notes 2, 4, 5, 7). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs including trace 
capacitance. These values are: Q0-Q7, Cl = 500pF; RAS0-RAS3, Cl = 150pF; WE, Cl = 500pF; CAS, Cl = 600pF, unless 
otherwise noted. See Figure 7, for test load. Switches S1 and S2 are closed unless otherwise noted, and R1 and R2 are 
4.7kfi unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

Symbol 

Access Parameter 

Conditions 

8408-2 


Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tRICL 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

75 

100 

130 




ns 

tpiCL 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 5b 

65 

90 

115 




ns 

tRICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

40 

48 

60 




ns 

tRICH 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 8b 

50 

63 

80 




ns 

tRCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 


75 

100 




ns 

tRCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 5a, 5b 


65 

85 




ns 

f RCDH 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 


27 

40 




ns 

tRCDH 

R^ to CAS Output Delay (Mode 6) 

Figure 5a 


40 

65 




ns 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 5b 

40 

54 

70 




ns 

tRAH 

Row Address Hold Time (Mode 5) (Note 7) 

Figure 5a 

20 






ns 

tRAH 

Row Address Hold Time (Mode 6) (Note 7) 

Figures 5a, 5b 

12 






ns 

tASC 

Column Address Setup Time (Mode 5) 

Figure 5a 

3 






ns 

Use 

Column Address Setup Time (Mode 6) 

Figures 5a, 8b 

3 






ns 

tRCV 

RASIN to Column Address Valid (Mode 5) 

Figure 5a 


80 

' 

105 




ns 

tRCV 

RASIN to Column Address Valid (Mode 6) 

Figures 5a, 5b 


70 

90 




ns 

Updl 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

20 

27 

35 




ns 

tRPDH 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

15 

23 

32 




ns 

tAPDL 

Address Input to Output Low Delay 

Figures 4a, 4b, 5a, 5b 


25 

40 




ns 

Updh 

Address Input to Output High Delay 

Figures 4a, 4b, 5a, 5b 


25 

40 




ns 

tsPDL 

Address Strobe to Address Output Low 

Figures 4a, 4b 


40 

60 




ns 

tsPDH 

Address Strobe to Address Output High 

Figures 4a, 4b 


40 

60 




ns 

UsA 

Address Set-up Time to ADS 

Figures 4a, 4b, 5a, 5b 

15 






ns 

tAHA 

Address Hold Time from ADS 

Figures 4a, 4b, 5a, 5b 

15 






ns 

Uds 

Address Strobe Pulse Width 

Figures 4a, 4b, 5a, 5b 

30 






ns 

fWPDL 

WIN to WE Output Delay 

Figure 4b 

15 

25 

30 




ns 

^WPDH 

WIN to We Output Delay 

Figure 4b 

15 

30 

60 




ns 

tCRS 

CASIN Set-up Time to RASIN High (Mode 6) 

Figure 5b 

35 






ns 

Updl 

CASIN to CAS Delay (R/C low In Mode 4) 

Figure 4b 

32 

41 

58 




ns 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

Conditions 

8408-2 


Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tcPDH 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 4b 

25 

39 

50 




ns 

tfiCC 

Column Select to Column Address Valid 

Figure 4a 


40 

58 




ns 

^RCR 

Row Select to Row Address Valid 

Figures 4a, 4b 


40 

58 




ns 

tRHA 

Row Address Held from Column Select 

Figure 4a 

10 






ns 

^CCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


55 

75 




ns 

toiFI 

Maximum (tppDL-tRHA) 

See Mode 4 
description 



13 




ns 

biF2 

Maximum (tpcc ■“ fcpot) 

See Mode 4 
description 



13 




ns 

Refresh Parameter 

fRC 

Refresh Cycle Period 

Figure 2 

100 






ns 

fRASINL,H 

Puise Width of RASIN during Refresh 

Figure 2 

50 






ns 

tRFPDL 

RASiN to RAS Deiay during Refresh 

Figure 2 

35 

50 

70 




ns 

tRFPDH 

RASIN to RAS Delay during Refresh 

Figure 2 

30 

40 

55 




ns 

tRFLCT 

RFSH Low to Counter Address Valid 

^ = X, Figure 2 


47 

60 




ns 

tRFHRV 

RFSH High to Row Address Valid 

Figure 2 


45 

60 




ns 

tROHNC 

Ri^ High to New Count Valid 

Figure 2 


30 

55 




ns 

tRLEOC 

RASiN Low to End-of-Count Low 

Cl = 50pF, Figure 2 



80 




ns 

tRHEOC 

RASIN High to End-of-Count High 

Cl = 50pF, Figure 2 



80 




ns 

tRST 

Counter Reset Pulse Width 

Figure 2 

70 






ns 

tcTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 




ns 

1 . TRI-STATE Parameter | 

tzH 

CS Low to Address Output High from Hi-Z 

Figures 9, 12 

R1=3.5k, R2 = 1.5k 


35 

60 




ns 

tHZ 

^ High to Address Output Hi-Z from High 

Cl=15pF, 

Figures 9, 12 

R2= Ik, SI open 


20 

40 




ns 

tzL 

^ Low to Address Output Low from Hi-Z 

Figures 9, 12 

R1=3.5k, R2 = 1.5k 


35 

60 




ns 

tLZ 

^ High to Address Output Hi-Z from Low 

Cl = 15pF, 

Figures 9, 12 

R1 = Ik, S2 open 


25 

50 




ns 

tHZH 

^ Low to Control Output High from 

Hi-Z High 

Figures 9, 12 

R2 = 750Q, SI open 


50 

80 




ns 

fHHZ 

CS High to Control Output HI-Z High 

from High 

Cl = 15pF, 

Figures 9, 12 

R2 = 750Q, SI open 


40 

75 




ns 

fhZL 

CS Low to Control Output Low from 

Hi-Z High 

Figure 12, 

SI, S2 open 


45 

75 




ns 

tlHZ 

^ High to Control Output Hi-Z High 
from Low 

Cl = 15pF, 

Figure 12, 

R2 = 750Q, SI open 


50 

80 




ns 
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Input Capacitance TA= 25 »c(Notes 2 , 6 ) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

C|N 

Input Capacitance ADS, R/C 



8 


pF 

C|N 

Input Capacitance All Other Inputs 



5 


pF 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: All typical values are for Ta = 25°C and Vcc = 5.0V. 

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing 
this parameter. In testing these parameters, a 15Q resistor should be placed in series with each output under test. One output should 
be tested at a time and test time should not exceed 1 second. 

Note 4: Input pulse OV to 3.0V, tR = tF = 2.5ns, f = 2.5 MHz, tpv\/ = 200ns. Input reference point on AC measurements is 1.5V. Output 
reference points are 2.7V for High and 0.8V for Low. 

Note 5: The load capacitance on RF I/O should not exceed 50 pF. 

Note 6: Applies to all DP8408 versions unless otherwise specified. 

Note 7: The DP8408-2 device can only be used with memory devices that meet the tpAH specification indicated. 



FIGURE 7. Output Load Circuit 


INPUT 


OUTPUT 


OV 

tHZ 

tHHZ 

i-O 5y 

^1.5V 

vqh 

tHZH 

tZH 

VOH 

VOL 

1 j 


^ 2.7V 
|r 0.8V 

n cw 

s 

tHZL 

tZL 


tLHZ 

1 ^LZ 

T — U.OV 

— 


FIGURE 8. Waveform 
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Applications 

If external control Is preferred, the DP8408 may be used 
in Modes 0 or 4, as in Figure 3. 

If basic auto access and refresh are required, then in 
cases where the user requires the minimum of external 
complexity, Modes 0 and 5 are Ideal, as shown in Figure 
9a. The DP843X2 is used to provide proper arbitration be- 
tween memory access and refresh. This chip supplies all 
the necessary control signals to the processor as well as 


the DP8408. Furthermore, two separate CAS outputs are 
also Included for systems using byte-writing. The refresh 
clock RFCK may be divided down from either RGCK using 
an 1C counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4/us to 15.6p<s based 
on the Input clock of 2 to 10 MHz. Figure 9b shows the gen- 
eral timing diagram for interfacing the DP8408to different 
microprocessors using the interface controller DP843X2. 


16-BIT MICROPROCESSOR DATA BUS 


MICROPROCESSOR ADDRESS BUS 
/ 



RAMS MAY BE 16k DR 64k r 


tTHE SELECT WAIT INPUT 
TO THE DP843X2 CHIP 
INSERTS A WAIT STATE 
DURING ACCESSING. 
THIS IS NECESSARY 
FOR VERY FAST MICRO- 
PROCESSORS 


NECESSARY IF INSTRUCTIONS INCLUDE 






















■1 



RAM ADDRESS BUS , 


r 


AO-6,7 

m 


AD-6,7 

RAS 

We 


BiQBHi 

1 

' 'EMU 



. 1 ’ ■ ■ .1 


1 


II 

Bi 

iliMianvl 1 

9 


1 



ESSU SELECT UPPER BYTE 
EaSL SELECT LOWER BYTE 


NECESSARY IF MORE THAN ONE BANK- 


DM 

74S244 


a 


LOWER 
BYTE 

UPPER 

BYTE 


FIGURE 9a. Connecting the DP8408 Between the 16-Bit Microprocessor 
and Memory 



*T IS MICROPROCESSOR'S CLOCK PERIOO 

FIGURE 9b. DP8408 Auto Refresh 
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National 

Semiconductor 


Dynamic Memory Support 


DP8409 Multi-Mode Dynamic RAM Controller/Driver 


General Description 

Dynamic memory system designs, which formerly re- 
quired several support chips to drive the memory array, 
can now be Implemented with a single 1C. . .the DP8409 
Multi-Mode Dynamic RAM Controller/Driver. The DP8409 
is capable of driving all 16k and 64k Dynamic RAMs 
(DRAMs) as well as 256k DRAMs. Since the DP8409 is a 
one-chip solution (including capacitive-load drivers), it 
minimizes propagation delay skews, the major perform- 
ance disadvantage of multiple-chip memory drive and 
control. 

The DP8409’s 8 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be 
controlled externally or on-chip automatically; an on- 
chip refresh counter makes refreshing (either externally 
or automatically controlled) less complicated; and auto- 
matic memory initialization is both simple and fast. 

The DP8409 Is a 48-pin DRAM Controller/Driver with 9 
multiplexed address outputs and 6 control signals. It 
consists of two 9-bit address latches, a 9-bit refresh 
counter, and control logic. All output drivers are capable 
of driving 500 pF loads with propagation delays of 25ns. 
The DP8409 timing parameters are specified driving the 
typical load capacitance of 88 DRAMs, Including trace 
capacitance. 

The DP8409 has 3 mo de-control p ins: M2, Ml, and MO, 
where M2 is In general REFRESH. These 3 pins select 8 
modes of operation. Inputs B1 and BO in the memory 
access mod es (M 2 = 1), are select inputs which select 
one of four RAS outputs. During normal access, the 9 
address outputs can be selected from the Row Address 
Latch or the Column Address Latch. During refresh, the 
9-bit on-chip refresh cou nter is enabled onto the address 
bus and in this mode all RAS outputs are selected, while 
CAS is inhibited. 

The DP8409 can drive up to 4 banks of DRAMs, with 
each bank co mprised of 16k*s , 64 k*s, or 256k’s. Control 
signal outputs RAS, CAS, a nd W E are provided with the 
same drive capability. Ea ch RA S output drives one bank 
of DRAMs so th at the four RAS outputs are used to select 
the banks, while CAS, WE, and the multiplexed addresses 
can be connected to all of the banks of DRAMs. This 
leaves the non-selected banks in the standby mode (less 
than one tenth of the operating power) with the data out- 
puts in TRI-STATE®. Only the bank with its associated 
RAS low will be written to or read from: 


Operational Features 

■ All DRAM drive functions on one chip — minimizes 
skew on outputs, maximizes AC performance 

■ On-chip capacitive-load drives (specified to drive up 
to 88 DRAMs) 

■ Drives directly all 16k, 64k, and 256k DRAMs 

■ Capable of addressing 64k, 256k, or 1M words 

■ Propagation delays of 25ns typical at 500 pF load 

■ CAS goes low automatically after column addresses 
are valid if desired 

■ Auto Acces s mo de provides RAS, row to column 
select, then CAS automatically and fast 

■ WE follows WIN unconditionally— offering READ, 
WRITE or READ-MODIFY-WRITE cycles 

■ On-chip 9-bit refresh counter with selectable End-of- 
Count (127, 255, or 511) 

■ End-of-Count indicated by RF I/O pin going low at 
127, 255, or 511 

■ Low input on RF I/O resets 9-blt refresh counter 

■ CAS inhibited during refresh cycle 

■ Fall-through latches on address inputs controlled by 
ADS 

■ TRI-STATE outputs allow multi-controller addressing 
of memory 

■ Control output signals go high-impedance logic “1” 
when disabled for memory sharing 

■ Power-up: counter reset, control signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 

Mode Features 

■ 8 modes of operation: 3 access, 3 refresh, and 2 set-up 

■ 2 externally controlled modes: 1 access and 1 refresh 
(Modes 0, 4) 

■ 2 auto-access modes RAS R/C CAS automatic, 
with tRAH = 20 or 30ns minimum (Modes 5, 6) 

■ Auto-access mode allows Hidden Refreshing (Mode 5) 

■ Forced Refresh requested on RF I/O if no Hidden 
Refresh (Mode 5) 

■ Forced Refresh performed after system acknowledge 
of request (Mode 1) 

■ Automatic Burst Refresh mode stops at End-of-Count 
of 127, 255, or 511 (Mode 2) 

■ 2 All-RAS Access modes externally or automatically 
controlled for memory initialization (Modes 3a, 3b) 

■ Automatic Ail-RAS mode with external 8-bit counter 
frees system for other set-up routines (Mode 3a) 

■ End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 



SYSTEM 

CONTROL 


RAM 

CONTROL 




6 , 

SYSTEM 

/ 

20 

/ ^ 

DP8409 
DYNAMIC RAM 
CONTROLLER/ 
DRIVER 

/ ^ 

500pF DRIVE 

9 

/ ^ 


/ ► 


/ ^ 


SYSTEM RAM 

ADDRESS ADDRESS 


MEMORY 


16k, 64k, OR 
256k DYNAMIC 
RAM BANKS 
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DP8409 Functional Block Diagram 


Pin Definitions 

Vcc, GND, GND — Vcc = 5V ± 5%. The three supply pins 
have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are also 
two ground pins to reduce the low level noise. The 
second ground pin is located two pins from Vcc, so that 
decoupling capacitors can be inserted directly next to 
these pins. It is important to adequately decouple this 
device, due to the high switching currents that will 
occur when ail 9 address bits change in the same 
direction simultaneousiy. A recommended solution 
would be a VF multilayer ceramic capacitor in parallel 
with a low-voltage tantalum capacitor, both connected 
as close as possible to pins 36 and 38 to reduce lead in- 
ductance. See Figure below. 

Vcc (PIN 36) O 


GND(PINS38, 13) O 

‘Capacitor values should be chosen depending on the particular 
application. 

R0-R8: Row Address Inputs. 

C0-C8: Column Address Inputs. 

Q0-Q8: Multiplexed Address Outputs — Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter.* 


— • 


‘MULTILAYER 

CERAMIC 


TANTALUM . 


^ 


RAS IN: Row Address Strobe Input — Ena bles selected 
RASn output when M2 (RFSH) is high, or all RASn outputs 
when RFSH is low. 

R/C (RFCK) — In Auto-Refresh Mode this pin is the ex- 
ternal Refresh Clock Input: one refresh cycle has to be 
performed each clock period. In all other modes it is 
Row/Column Select Input; selects either the row or col- 
umn address input latch onto the output bus. 

CASIN (RGC K) — In Auto-Refresh Mode, Auto Burst 
Mode, and All-RAS Auto-Write Mode, this pin Is t he RAS 
Generator Clock Input. In all other modes it i s CA SIN 
(Column Address Strobe Input), which inhibits CAS out- 
put when high i n Mo des 4 and 3b. In Mode 6 it can be 
used to prolong CAS output. 

ADS: Address (Latch) Strobe Input — Row Address, Col- 
umn Address, and Bank Select Latches are fall-through 
with ADS high; Latches on high-to-low transition. 

CS: Chip Select Input — TRI-STATE’s the Address Out- 
puts and puts the control signal into a high-impedance 
logic “1” state when high (unless refreshing in one of 
the Refresh Modes). Enables all outputs when low. 

MO, M1, M2: Mode Control Inputs — These 3 control pins 
determine the 8 major modes of operation of the DP8409 
as depicted in Table 1. 
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Table 1. DP8409 Mode Select Options 


Mode 

(RFSH) 

M2 

M1 

MO 

Mode of Operation 

Conditions 

0 

0 

0 

0 

Externally Controlled Refresh 

RF l/0 = EOC 

1 

0 

0 

1 

Auto Refresh — forced 

RF I/O = Refresh Request (RFRQ) 

2 

0 

1 

0 

Internal Auto Burst Refresh 

RF l/0 = EOC 

3a 

0 

1 

1 

All ^ Auto Write 

RF l/0 = EOC; All R^ Active 

3b 

0 

1 

1 

Externally Controlled All RAS Access 

All RAS Active 

4 

1 

0 

0 

Externally Controlled Access 

Active RAS defined by Table 2 

5 

1 

0 

1 

Auto Access, Slow tpAH. Hidden Refresh 

Active RAS defined by Table 2 

6 

1 

1 

0 

Auto Access, Fast tpAH 

Active RAS defined by Table 2 

7 

1 

1 

1 

1 

Set End of Count 

See Table 3 for Mode 7 


RF I/O — The I/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as 
a flag output. The flag goes active-low in Modes 0 and 2 
when the End-of-Count output is at 127, 255, or 511 (see 
Table 3). in Auto-Refresh Mode it is the Refresh Request 
output. 

WIN: Write Enable Input. 

WE: Write Enable Output — Buffered output from WIN.* 

CAS: C olum n Address Strobe Output — In Modes 3a, 5, 
and 6, CAS transitions low following valid column ad- 
dress. In M odes 3 b and 4, it goesjow after R/C go es lo w, 
or follows CASIN going low If R/C is already low. CAS is 
high during refresh.* 

RAS 0-3: Row Address Strobe Outputs — Selects a 
memo ry bank d ecoded from B1 and BO (see Table 2), if 
RFSH is high. If RFSH is low, all banks are selected.* 

BO, B1: Bank Select Inpu ts — Strobed by ADS . Decoded 
to enable one of the RAS outputs when RASIN goes low. 
Also used to define End-of-Count in Mode 7 (Table 3). 



Order Number DP8409N, DP8409N-2, DP8409N-3, 
DP8409D, DP8409D-2, DP8409D-3 
See NS package N48A or D48A 

Pin Configuration 


Conditions for ali Modes 

Input Addressing 

The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. 
The address latches are fall-through when ADS is high 
and latch when ADS goes low. If the address bus con- 
tains valid addresses until after the valid address time, 
ADS can be permanently high. Otherwise ADS must go 
low while the addresses are still valid. 

In normal memory access operation, RASIN and R/C are 
initially high. When the address inputs are enabled into 
the address latches, the row addresses appear on the Q 
outputs. The address stro^ also inputs the bank-select 
address, (BO ^d B1). If CS Is low, all outputs are en- 
abled. When CS Is transitioned high, the address out- 
puts go TRI-STATE and the control outputs first go high 
through a low impedance, and then are held by an on- 
chip high impedance. This allows output paralleling 
with other DP8409s for multi-addressing. All outputs go 
active about 50ns after the chip is selected again. If CS 
is high, and a refresh cycle begins, all the outputs 
become active until the end of the refresh cycle. 


Drive Capability 

The DP8409 has timing parameters that are specified 
with up to 600 pF loads. In a typical memory system this 
Is equivalent to about 88, 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive 
four banks each of 16 or 22 bits, or two banks of 32 or 39 
bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, 
and more loading will increase the timing parameters, 
according to the graph of Figure 10. The AC performance 
parameters are specified with the typical load capaci- 
tance of 88 DRAMs. This graph can be used to extrapo- 
late the variations expected with other loading. 

Because of distributed trace capacitance and induc- 
tance and DRAM input capacitance, current spikes can 
be created, causing overshoots and undershoots at the 
DRAM Inputs that can change the contents of the 
DRAMs or even destroy them. To remove these spikes, a 
damping resistor (low inductance, carbon) can be in- 
serted between the DP8409 driver outputs and the 
DRAMs, as close as possible to the DP8409. The values 
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of the damping resisto rs m ay diffe r between the dif- 
ferent control outputs; RAS’s, CAS, Q’s, and WE. The 
damping resistors should be determined by the first 
prototypes (not wire-wrapped due to the larger 
distributed capacitance and inductance). The best 
values for the damping resistors are the critical values 
giving a critically damped transition on the control out- 
puts. Typical values for the damping resistors will be 
between 150 and 1000, the lower the loading the higher 
the value. (For more information, see AN-305 “Precau- 
tions to Take When Driving Memories.”) 

DP8409 Driving any 16k or 64k DRAMs 

The DP8409 can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including 
the newer 5V-only version. Hence, in most applications, 
different manufacturers’ DRAMs are Interchangeable 


(for the same supply-rail chips), and the DP8409 can 
drive all 16k DRAMs (see Figure la). 

There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no 
on-RAM refresh counter, and a 256-row by 256-column 
array with no on-RAM refresh counter. The DP8409 can 
drive all three configurations, and at the same time 
allows them all to be interchangeable (as shown in 
Figures 1b and 1c), providing maximum flexibility in the 
choice of DRAMs. Since the 9-bit on-chip refresh counter 
can be used as a 7-blt refresh counter for the 128-row 
configuration, or as an 8-bit refresh counter for the 
256-row configuration, the on-RAM refresh counter (If 
present) is never used. As long as 128 rows are 
refreshed every 2ms (i.e. 256 rows in 4 ms) all DRAM 
types are correctly refreshed. 


DP8409 Interface Between System & DRAM Banks 


128 ROWS 
IN 2 MS 



FIGURE la. DP8409 with any 16k DRAMS 


128 ROWS 
IN 



ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES. 
MSB NOT USED BUT CAN TOGGLE 


FIGURE 1b. DP8409 with 128 Row x 512 Column 64k DRAM 


128 ROWS 
IN 2 MS 
(OR 256 ROWS 
IN 4 MS) 



ALL 8 BITS OF REFRESH COUNTER USED 


FIGURE 1c. DP8409 with 256 x 256 Column 64k DRAM 
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When the DP8409 is in a refresh mode, the RF I/O pin 
indicates that the on-chip refresh counter has reached 
its end-of-count. This end-of-count is selectable as 127, 
255 or 512 to accommodate 16k, 64k, or 256k DRAMs. 
Although the end-of-count may be chosen to be any of 
these, the counter always counts to 511 before rolling 
over to zero. 


DP8409 Functional Mode 
Descriptions 

Note: All delay parameters stated in text refer to the DP8409. Substitute 
the respective delay numbers for the DP8409-2 or DP8409-3 when using 
these devices. 

Mode 0 — Externally Controlled Refresh 


Read, Write, and Read-Modify-Write Cycles 

The output signal, WE, determines what type of memory 
acces s cyc le the memory will perform. If WEj^kept high 
while C AS g oes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and da ta at 
Dl (DRAM i nput data) is written into the DRA M as CAS 
goes low. If WE goes low later than tcwo after CAS goes 
low, first a read occurs and DO (DRAM output data) 
becomes valid; then data D l is written into the same 
address In the DRAM when WE goes low. In this read- 
modify-write case, Dl and DO cannot be linked together. 
The typ e of cycle is therefore controlled by WE, which 
follows WIN. 

Power-Up Initialize 

When Vcc is first applied to the DP8409, an Initialize 
pulse clears the refresh counter, the internal control 
flip-flops, and sets the End-of-Count of the refresh 
counter to 127 (which may be changed via Mode 7). As 
Vcc increases to about 2.3 volts, it holds the output 
control signals at a level of one Schottky, diode-drop 
below Vcc, Sind the output address to TRI-STATE. As Vcc 
increases above 2.3 volts, control of these outputs is 
granted to the system. 


Figure 2 is the Externally Controlled Refresh Timing. In 
this mode, the Input address latches are disabled from the 
addre ss ou tputs and the refresh counter Is enabled. 
When RAS occurs, the enabled row in the DRAM is re- 
freshed. In the Externally Controlle d Refre sh m ode, all 
RAS outputs are enabled following RASIN, and CAS is 
inhibited. This refreshes the same row in all f our ban ks. 
The re fresh counter increments when either RASIN or 
RFSH goes low-to-high after a refresh. RF I/O goes low 
when the count is 127, 255, or 511 , as s et by End-of- 
Count (see Table 3), with RASIN and RFSH low. To reset 
the counter to all zeroes, RF I/O Is set low through an ex- 
ternal open-collector driver. 

During refresh, RASIN and RFSH must be skewed tran- 
sitioning low such that the refresh address is vali d on 
the address outputs of the controller before the RAS 
outputs go lo w. The a mount of time that RFSH should 
go low before RASIN does depends on the capacitive 
loading of the address and RAS lines. For the load 
specified in the switching characteristics of this data 
sheet, 10ns Is sufficient. Refer to Figure 2. 

To perform externally controlled burst refresh, RASIN is 
toggled while R FSH is held low. The refresh counter in- 
crements with RASIN going low to high, s o that the 
DRAM rows are refreshed in succession by RASIN go- 
ing high to low. 



FIGURE 2. External Control Refresh Cycle (Mode 0) 
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Mode 1 — Automatic Forced Refresh 


In Mode 1, the R/C (RFCK)_pin be come s RFCK (refresh 
cycle clock), instead of R/C, and CAS remains high. If 
RFCK Is kept permanently high, then whenever M2 (RFSH) 
go es low , an externally con trolled r efresh will occur and 
all RAS outputs will follow RASIN, strobing the refresh 
counter contents to the DRAMs. The RF I/O pin will 
always output high, but when set low externally through 
an open-collector driver, the refresh counter resets as 
normal. This externally controlled method may be pre- 
ferred when operating in the Automatic Access mode 
(Mode 5), where hidden or forced refreshing Is undesir- 
able, but refreshing Is still necessary. 

If RFCK Is an input clock signal, one (and only one) 
refresh cycle must take place every RFCK cycle. Refer 
to Figure 9. If a hidden refresh does not occur while 
RFCK is high, In Mode 5, then RF I/O (Refresh Request) 
goes low immediately after RFCK goes low, indicating to 
the system that a forced refresh is requested. The 
system must allow a forced refresh to take place while 
RFCK is low (refer to Figure 3). The Refr esh R eq uest 
signal o n RF I/O may be connected to a Hold or Bus 
Req uest in put to the sys tem. The system acknowledges 
the Hold or Bus Request when ready, and out puts Hold 
Acknowledge or Bus Reque st Acknowledge. If this Is 
connected to the M2 (RFSH) pin, a forced- refre sh cycle 
will be Initiated by the DP8 409, and RAS will be 
internally generated on all four RAS outputs, to strobe 
the refresh counter contents on the address outputs 
Into ail the DRAMs. An external RAS Generator Clock 


(RGCK) is required for this function. It is fed to the 
CASIN (RGCK) pin, and may be up to 10 M Hz. W henever 
M2 goes low (inducing a forced refresh), RAS remains 
high for one to two periods of RGCK, depending on 
when M2 goes low relative to the high-to-low triggering 
edge of RGCK; RAS then goes low for two periods, 
performing a refresh on all banks. In orde r to obtain the 
minimum delay from M2 going low to RAS going low, M2 
should go l ow tRpsRG befor e the next falling edge of 
RGC K. The Refresh Request on RF I/O is terminated as 
RAS begins, so that by the time the system has acknowl- 
edged the removal of the request and dis abled its 
Acknowledge, (i.e., M2 goes high). Refresh RAS will have 
ended, and normal operations can begin again in the 
Automat ic A ccess mode (Mode 5). If it is desired that 
Refresh RAS end in less than 2 periods of RGCK from 
the time RAS went low, then M2 may b e high earlier than 
tpQHRF after RGCK goes low and RAS will go high tpFRH 
after M2, if CS is low. If CS Is high, the RAS will go high 
impedance high after 25ns after M2 goes high. 

To allow the forced refresh, the system will have been 
inactive for about 4 periods of RGCK, which can be as 
fast as 400 ns every RFCK cycle. To guarantee a refresh 
of 128 rows every 2ms, a period of up to 16^s is required 
for RFCK. In other words, the system may be down for 
as little as 400ns every 16^s, or 2.5% of the time. Al- 
though this is not excessive. It may be preferable to per- 
form a Hidden Refresh each RFCK cycle, which Is allowed 
while still In the Auto-Access mode, (Mode 5). 



CAS 



0 RFCK GOES LOW 0 hP ACKNOWLEDGES^FRESH REQUEST 

0 RFRQ GOES LOW IF NO HIDDEN REFRESH OCCURED ® FORCED REFRESH RAS STARTS AFTER >T (>tRP) 

WHIL E RFCK WAS HIGH ® FORCED REFRESH RSS ENDS RFRQ 

0 NEXT RASIN STARTS NEXT ACCESS 0 mP REMOVES REFRESH ACKNOWLEOGE 

FIGURE 3. DP8409 Performing a Forced Refresh (Mode S-^'I-^S) 
with Various Microprocessors 
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FIGURE 4. Auto-Burst Mode, Mode 2 


Mode 2 — Automatic Burst Refresh 


Mode 3a — Ali-RAS Automatic Write 


This mode is normally used before and/or after a DMA 
operation to ensure that all rows remain refreshed, pro- 
vided the DMA transfer takes less than 2 ms (s ee Figure 4). 
When the DP84 09 enters this mode, CASIN (R GCK) b e- 
comes th e RA S Generator Clock (RGCK), and RASIN Is 
disabled. CAS remains high, and RF I/O goes low when 
the refresh counte r ha s reached the selected End-of- 
Count and the last RAS has ended. RF I/O then remains 
low until the Auto-Burst Refresh mode is terminated. RF 
I/O can therefore be used as an interrupt to indicate the 
End-of-Burst condition. 

The signal on all four RAS outputs is just a divide-by-four 
of R GCK; in other words, if RGCK has a 100ns period, 
RAS is high and low for 200 ns each cycl e. Th e refresh 
counter Increments at the end of each RAS, starting 
from the count it contained when the mode was entered. 
If this was zero, then for a RGCK with a 100 ns period with 
End-of Count set to 127, RF I/O will go low after 
128x0.4/iS, or 51.2fjs. During this time, the system may 
be performing operations that do not Involve DRAM. If 
all rows need to be burst refreshed, the refresh counter 
may be cleared by setting RF I/O low externally before 
the burst begins. 

Burst-mode refreshing is also useful when powering 
down systems for long periods of time, but with data 
retention still required while the DRAMs are in standby. 
To maintain valid refreshing, power can be applied to 
the DP8409 (set to Mode 2), causing it to perform a com- 
plete burst refresh. When end-of-burst occurs (after 26 ^<s), 
power can then be removed from the DP8409 for 2 ms, 
consuming an average power of 1.3% of normal operating 
power. No control signal glitches occur when switching 
power to the DP8409. 


Mode 3a Is useful at system Initialization, when the 
memory is being cleared (i.e., with all-zeroes in the data 
field and the corresponding check bits for error detection 
and correction). This requires writing the same data to 
each location of memory (every row of each column of 
each bank). All RAS outputs are activated, as in refresh, 
and so are CAS and WE. To write to all four banks simulta- 
neously, every row is strobed in each column. In se- 
quence, until data has been written to all locations. 

To select this mode, B1 and BO must have previously 
been set to 00, 01, or 10 in Mode 7, depending on the 
DRAM size. For example, for 16k DRAMs, B1 and BO are 
00. For 64k DRAMs, B1 and BO are 01, so that for the 
configurati on of Figure 1b, the 8 refresh counter bits are 
strobed by RAS into the 7 row addresses and the ninth 
column address. After this Automatic-Write process, B1 
and BO must be set again in Mode 7 to 00 to set End-of- 
Count to 127. For the configuration of Figure 1c, B1 and 
BO set to 01 will work for Automatic-Write and End-of- 
Count equals 255. 



In this mode, R/C is disabled, WE is permanently en- 
abled low, and CASIN (RGCK) becomes RGCK. RF I/O 
goes low whenever the refresh counter is 1 27, 25 5, or 511 
(as set by End-of-Count in Mode 7), and the RAS outputs 
are active. 


Referring to Figure 5a, an external 8-bit counter (for 64k 
DRAMs) with TRI-STATE outputs is required and must 
be connected to the column address inputs. It is 
enabled only during this mode, and is clocked from RF 
I/O. The DP8409 refresh counter is used to address the 
rows, and the column address Is supplied by the 
external counter. Every row for each column address is 
written to In all four banks. At the End-of-Count RF I/O 
goes low, which clocks the external counter. 
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Therefore, for each column address, the refresh co unter 
first outputs row-0 to the address bus and all four RAS 
outputs strobe this row address into t he D RAMs (see 
Figure 5b). A minimum of 30 ns after RAS goes low 
(f RAH =30 ns), the refresh counter is disabled and the 
column address input latch is enabled onto the add ress 
bus. About 14 ns after the column address Is valid, CAS 
goes low, (tASc = 'i~14n s), st robi ng th e column address 
into the DRAMs. When RAS and CAS go high the refresh 
counter increments to the next row and the cycle repeats. 
Since WE is kept low in this mode, the data at DI (input 
data) of the DRAMs Is writt en in to each row of the latched 
column. During each cycle RAS is high for two periods of 
RGCK and low for two periods, giving a total write-cycle 
time of 400ns minimum, which is adequate for most 16k 
and 64k DRAMs. On the last row of a column, RF I/O Incre- 
ments the external counter to the next column address. 


At the end of the last column address, an Interrupt is 
generated from the external counter to let the system 
know that initialization has been completed. During the 
entire initialization time, the system can be performing 
other initialization functions. This approach to memory 
initialization is both automatic and fast. For instance, if 
four banks of 64k DRAMs are used, and RGCK is 100 ns, 
a write cycle to the same location In all four banks takes 
400 ns, so the total time taken in Initializing the 64k 
DRAMs is 65k X 400 ns or 26 ms. When the system re- 
ceives the interrupt, the external counter must be per- 
manently disabled. ADS and ^ are interfaced by the 
system, and the DP8409 mode is changed. The interrupt 
must then be disabled. 



FIGURE 5a. DP8409 Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a 



FIGURE 5b. DP8409 All-RAS Auto Write Mode, Mode 3a, Timing Waveform 
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Mode 3b ~ Externally Controlled All-RAS Write 

To select this mode, B1 and BO must first have been set 
to 11 in Mode 7. This mode is useful at system initializa- 
tion, but under processor control. The memory address 
is provided by the pro cess or, which also perform s the 
incrementing. All four RAS outputs follow RASIN (sup- 
plied by the processor), strobing the ro w addr ess into 
the DRAMs. R/C can now go low, while CASIN may be 
used to control CAS (as i n the Externally Controlled 
Access mode), so that CAS strobes the c olum n address 
contents into the DRAMs. At this time WE should be 
low, causing the data to be written into all four banks of 
DRAMs. At the end of the write cycle, the input address is 
incremented and latched by the DP8409 for the next write 
cycle. This method is slower than Mode 3a since the 
processor must perform the incrementing and accessing. 
Thus the processor is occupied during RAM initialization, 
and is not free for other initialization operations. How- 
ever, initialization sequence timing is under system 
control, which may provide some system advantage. 


Mode 4 •— Externally Controlled Access 

This mode facilitates externally controlling all access- 
timing parameters associated with the DRAMs. The 
application of modes 0 and 4 are shown in Figure 6. 

Output Address Selection 

Refer to Figure 7a. With M2 (RFSH) and R/C high, the 
row address latch contents are transferred to the multi- 
plexed address bus output Q0-Q8, provided CS is set 
lo^ The colu mn addre ss latch contents are output after 
R/C goes low. RASIN can go low after the row address- 
es h ave been set up on Q0-Q8. This selects one of the 
RAS outputs, strobing the row address on the Q outputs 
into the desired bank of memory. After the row-address 
hold-time of the DRAMs, R/C can go low so that about 
40ns later column addresses appear on the Q outputs. 




FIGURE 6. Typical Application of DP8409 Using External Control Access and Refresh in Modes 0 and 4 
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FIGURE 7a. Read Cycle Timing (MODE 4) 







Automatic CAS Generation 


In a normal memo ry access cycle CAS can be derived 
from inputs CASIN or R/C. If CASIN is high, then R/C go- 
ing low swit ches th e address output drivers from rows 
to columns. CASIN then going low ca uses CAS to go 
low approximately 40 ns later, allowi ng CAS to occur at 
a predictable ti me (s ee Figure 7b). If CASIN is low when 
R/C goes low, CAS will be automatically generated, 
following the row to column transition by about 20 ns 
(see Figure 7a). Mo^DRAMs have a column address 
set-up time before CAS (tAsc) 0 ns or - 10 ns. In other 
words, a t^sc greater than 0 ns is safe. 

Fast Memory Access 

AC parameters toipi, tDiF 2 may be use d to det ermine the 
minimu m delays required between RASIN, R/C, and 
CASIN (see Application Brief 9; “Fastest DRAM Access 
Mode’’). 

Mode 5 — Automatic Access with Hidden Refresh 

The Auto Access with Hidden Refresh mode has two 
advantages over the Externally Controlled Access mode, 
due t o the fa ct that all outputs ex cept WE are initiated 
from RASIN. First, Inputs R/C and CASIN are unneces- 
sary and can be used for other functions (see Refreshing, 
below). Secondly, because the output control signal s 
are derived internally from one input signal (RASIN), 
timing-skew problems are reduced, thereby reducing 
memory access time substantially or allowing use of 
slower DRAMs. The automatic access features of Mode 5 
(and Mode 6) of the DP8409 make DRAM accessing 
appear essentially “static”. 

Automatic Access Control 

The major disadvantage of DRAMs compare d to static 
RAMs is the complex timing involved. First, a RAS must 
occur with the row address previously set up on the multi- 
plexed address bus. After the row address has been held 
for tRAH. (the Row-Address hold-tim e of the DRAM), the 
column address is set up and then CAS occurs. This is 
all performed automatically by the DP8409 in this mode. 

Provide d the input address is valid as ADS goes low, 
RASIN can g o low any time after ADS. This is because 
the selected RAS occurs typically 27ns later, by which 
time the row address is already valid on the address 
output of the DP8409. The Address Set-Up time (tAsn), is 
0 ns on mos t DRAMs. The DP8409 in this mode (with ADS 
and RASIN edges simultaneously applied) produces a 
minimum tAsn of 0ns. This is true provided the input ad- 
dress was valid tASA before ADS went low (see Figure 8a). 

Next, the row address is disabled after tpAH (30ns mini- 
mum); in most DRAMs, tRAH minimum is less than 3 0ns. 
The column address is then set up and tAsc later, CAS 
occurs. The only other contr ol inp ut required is WIN. 
When a write cycl e Is required, WIN must go low at least 
30 ns before CAS is output low. 

Th is gives a total ty pical delay from: input address valid 
to RASIN (15ns); to RAS ( 27ns ); to rows held (50ns); to 
columns val id (25n s); to CAS (23 ns) = 140 ns (that is, 
125ns from RASIN). All of these typical figures are for 
heavy capacitive loading, of approximately 88 DRAMs. 


This mode is therefore extremely fast. The external timing 
is greatly simplified for the mem ory syst em designer: 
the only system signal required is RASIN. 


Refreshing 

Because R/C and CASIN are not used i n this mode, R/C 
becom es R FCK (refresh clock) and CASIN becomes 
RGCK (RAS generator clock). With these two signals it 
is possible to perform refreshing without extra ICs, and 
without holding up the processor. 

One refresh cycle must occur during each refresh clock 
period and then the refresh address must be incremented 
to the next refresh cycle. As long as 128 rows are re- 
freshed every 2ms (one row every 16 ^s), all 16k and 64k 
DRAMs will be correctly refreshed. The cycle time of 
RFCK must, therefore, be less than 16/iS. RFCK going 
high sets an internal refresh-request flip-flop. First the 
DP8409 will attempt to perform a hidden refresh so that 
the system throughput will not be affected. If, during the 
time R FCK is high, CS on the DP8409 goes high and 
RASIN occurs, a hidden refresh will occur. In this case, 
RASIN should be considered a common read/write strobe. 
In other words, if the processor is accessing elsewhere 
(other than the DRAMs) while RFCK is high, the DP8409 
will perform a refresh. The refre^ counter is enabled to 
the address o utpu ts whenever CS g oes hig h with RFCK 
high, and all RAS outputs follow RASIN. If a hidden 
refresh is taking place as RFCK goes low, the refresh 
continues. At the start of the hidden refresh, the refresh- 
request flip-flop is reset so no further refresh can occur 
until the next RFCK period starts with the positive-going 
edge of RFCK. Refer to Figure 9. 

To determine the probability of a Hidden Refresh occur- 
ring, assume each system cycle takes 400 ns and RFCK 
is high for 8^s, then the system has 20 chances to not 
select the DP8409. If during this time a hidden refresh 
did not occur, then the DP8409 forces a refresh while 
RFCK Is low, but the system chooses when the refresh 
takes place. After RFCK goes low, (and the internal- 
request flip-flop has not been reset), RF I/O goes low 
Indicating that a refresh is requested to the system. 
Only when the s ystem acknowledges this request by 
setting M2 (RFSH) low does the DP8409 initiate a forced 
refresh (which is performed automatically). Refer to 
Mode 1, and Figure 3. The Internal refresh request flip- 
flop Is then reset. 

Figure 9 Illustrates the refresh alternatives In Mode 5. If 
a hidden refresh has occurred and CS again goes high 
before RFCK goes low, the chip is deselected. All the 
control signals go high-impedance high (logic “1”) and 
the address outputs go TRI-STATE until CS again goes 
low. This mode (combined with Mode 1) allows very fast 
access, and automatic refreshing (possibly not even 
slowing down the system), with no extra ICs. Careful 
system design can, and should, provide a higher prob- 
ability of hidden refresh occurring. The duty cycle of 
RFCK need not be 50-percent; in fact, the low-time 
should be designed to be a minimum. This Is 
determined by the worst-case time (required by the 
system) to respond to the DP8409’s forced-refresh 
request. 
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FIGURE 9. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing 
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Table 2. iVlemory Bank Decode 


Bank Select 
(Strobed by ADS) 

Enabled RASn 

B1 

BO 

0 

0 

^0 

0 

1 

R^1 

1 

0 

^2 

1 

1 

^3 


Note that RASIN going low earlier than tcsRL s^ter CS 
goes l ow may result In th e DP8 409 interpreting the 
RASIN as a hidden refresh RASIN if no hidden refresh 
has o ccurred In the current RFCK cycle. In this case, all 
RAS outputs would go low for a shor t time. Thus, It Is 
suggested that when using Mode 5, RASIN should be 
held high until tcsRL er CS goes low if a refresh is not 
intended. Similarly , CS sh ould be held low for a mini- 
mum of tcsRL after RASIN returns high when ending the 
access in Mode 5. 

Mode 6 — Fast Automatic Access 

The Fast Access mode is similar to Mode 5, but has a 
faster tRAH of 20ns, minimum. It therefore can only be 
used with fast 16k or 64k DRAMs (which have a tpAH of 
10ns to 15 ns) i n applications requiring fast access times; 
RASIN to CAS Is typically 105ns. 

In this mode, the R/ C (RFCK ) pin is not used, but CASIN 
(RGC K) is used as CASIN to allow an extended CAS 
after RAS has already terminated. Refer to Fig ure 8b. 
This is desirable with fast cycle-times where RAS h as to 
be • srminated as soon as possible before the next RAS 


begins (to meet the precharge time, or tpp, req uiremen ts 
of the DRAM). CAS may then be held low by CASIN to 
extend the data output valid tim e from the DRAM to 
allow the system to re ad the data. CASI N sub sequently 
going h igh end s CAS. If this extended CAS is not re- 
quired, CASIN should be set high in Mode 6. 

There is no internal refresh-request flip-flop in this mode, 
so any refreshing required must be done by entering 
Mode 0 or Mode 2. 

Mode 7 — Set End-of-Count 

The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective v alue o f B1 and BO 
(see Table 3). With B1 an d BO the same EOC is 127; with 
B1=0 and B0 = 1, EOC is 255; and with B1 = 1 and 
B0 = 0, EOC is 511. This selected value of EOC will be 
used until the next Mode 7 selection. At power-up the 
EOC is automatically set to 127 (B1 and BO set to 11). 


Table 3. Mode 7 


Bank Select 
(Strobed by ADS) 

End of Count 

B1 

BO 

Selected 

0 

0 

127 

0 

1 

255 

1 

0 

511 

1 

1 

127 
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FIGURE 10. Change in Propagation Delay vs. Loading Capacitance 
Relative to a 500pF Load 
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Absolute Maximum Ratings (Note i) 

Supply Voltage, Vcc 7.0V 

Storage Temperature Range -'65°C to +150°C 

Input Voltage 5.5V 

Output Current 150mA 

Lead Temperature (Soldering, 10 seconds) SOO^C 

•Derate cavity package 23.6mW/‘’C above 25 °C; derate molded 
package 22.7mW/‘’C above 25‘‘C. 


Maximum Power Dissipation* at 25 "C 


Cavity Package 

Molded Package 


3542mW 

2833mW 

Operating Conditions 

Min 

Max 

Units 

Vcc Supply Voltage 4.75 

5.25 

V 

Ta Ambient Temperature 0 

+70 

“C 


Electrical Characteristics Vcc = S.ov ± 5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 6) 


— 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vc 

Input Clamp Voltage 

Vcc = Min., lc = “12mA 


-0.8 

-1.2 

V 

l|H1 

Input High Current for ADS, R/C only 

V|n = 2.5V 


2.0 

100 

mA 

•lH2 

Input High Current for All Other Inputs* 

Vin=2.5V 


1.0 

50 

mA 

l| RSI 

Output Load Current for RF I/O 

V|n= 0.5V, Output High 


-1.5 

-2.5 

mA 

li CTL 

Output Load Current for RAS, CAS, WE 

V(N =0.5V, Chip Deselect 


-1.5 

-2.5 

mA 

l|L1 

Input Low Current for ADS, R/C only 

V|n = 0.5V 


-0.1 

-1.0 

mA 

l|L2 

Input Low Current for All Other Inputs* 

V,n = 0.5V 


-0.05 

-0.5 

mA 

V,L 

Input Low Threshold 




0.8 

V 

V,H 

Input High Threshold 


2.0 



V 

VoL1 

Output Low Voltage* 

•oL = 20mA 


0.3 

0.5 

V 

VoL2 

Output Low Voltage for RF I/O 

loL = 10mA 


0.3 

0.5 

V 

VoH1 

Output High Voltage* 

loH=-1nnA 

2.4 

3.5 


V 

VoH2 

Output High Voltage for RF I/O 

•oh = -lOOfiA 

2.4 

3.5 


V 

•id 

Output High Drive Current* 

Vout = 0.8V (Note 3) 


-200 


mA 

•OD 

Output Low Drive Current* 

Vout = 2.7V (Note 3) 


200 


mA 

•oz 

TRI-STATE Output Current 
(Address Outputs) 

0.4 V < VouT< 2.7V, 

CS = 2.0V, Mode 4 

-50 

1.0 

50 

/.A 

•cc 

Supply Current 

Vcc = Max. 


250 

325 

mA 


* Except RF I/O Output. 


Switching Characteristics: DP8409/DP8409-3 Vcc=5.ov±5%, o'c < Ta < ro^c unless other 

wise noted (Notes 2, 4, 5). The output load capacitance is ty pical f or 4 ba nks of 22 DRAMs each or 88 DRA Ms includ- 
ing trace capacitance. These values are: Q0-Q8, CL = 500pF; RAS0-RAS3, Cl = 150pF; WE, Cl = 500pF; CAS, 

Cl = 600pF, unless otherwise noted. See Figure 11 for test load. Switches SI and S2 are closed unless otherwise noted, 
and R1 and R2 are 4.7kn unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 


Symbol 

Access Parameter 

Conditions 

1 8409 

8409 - 

3 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpiCL 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

95 

125 1 

160 

95 

125 

185 

ns 

^RICL 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

80 

105 

140 

80 

105 

160 

ns 

^RICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

40 

. 48 

60 

40 

48 

70 

ns 

tpiCH 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

50 

63 

80 

50 

63 

95 

ns 

tRCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 


98 

125 


98 

145 

ns 

tRCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 8a, 8b 


78 

105 


78 

120 

ns 

tRCDH 

R^ to CAS Output Delay (Mode 5) 

Figure 8a 


27 

40 


27 

40 

ns 

tRCDH 

RAS to CAS Output Delay (Mode 6) 

Figure 8a 


40 

65,! 


40 

65 

ns 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 8b 

40 

54 

70 

40 

54 

80 

ns 

tRAH 

Row Address Hold Time (Mode 5) 

Figure 8a 

30 



30 



ns 

tRAH 

Row Address Hold Time (Mode 6) 

Figures 8a, 8b 

20 



20 



ns 

Use 

Column Address Setup Time (Mode 5) 

Figure 8a 

8 



8 



ns 

Use 

Column Address Setup Time (Mode 6) 

Figures 8a, 8b 

6 

1 


6 



ns 

Uev 

RASIN to Column Address Valid 
(Mode 5) 

Figure 8a 


90 

120 


90 

140 

ns 


m 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

Conditions 

8409 1 

8409-3 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpcv 

RASIN to Column Address Valid (Mode 6) 

Figures 8a, 8b 


75 

105 


75 

120 

ns 

tpPDL 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

20 

27 

35 

20 

27 

40 

ns 

tpPDH 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

15 

23 

32 

15 

23 

37 

ns 

Updl 

Address Input to Output Low Delay 

Figures 7a, 7b, 8a, 8b 


25 

40 


25 

46 

ns 

Updh 

Address Input to Output High Delay 

Figures 7a, 7b, 8a, 8b 


25 

40 


25 

46 

ns 

tsPDL 

Address Strobe to Address Output Low 

Figures 7a, 7b 


40 

60 


40 

70 

ns 

^SPDH 

Address Strobe to Address Output High 

Figures 7a, 7b 


40 

60 


40 

70 

ns 

UsA 

Address Set-up Time to ADS 

Figures 7a, 7b, 8a, 8b 

15 



15 



ns 

Uha 

Address Hold Time from ADS 

Figures 7a, 7b, 8a, 8b 

15 



15 



ns 

Uds 

Address Strobe Pulse Width 

Figures 7a, 7b, 8a, 8b 

30 



30 



ns 

twPDL 

WIN to WE Output Delay 

Figure 7b 

15 

25 

30 

15 

25 

35 

ns 

twPDH 

WIN to WE Output Delay 

Figure 7b 

15 

30 

60 

15 

30 

70 

ns 

tcps 

CASIN Set-up Time to RASIN High (Mode 6) 

Figure 8b 

35 



35 



ns 

tcPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

32 

41 

68 

32 

41 

77 

ns 

^CPDH 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

25 

39 

50 

25 

39 

60 

ns 

tpcc 

Column Select to Column Address Valid 

Figure 7a 


40 

58 


40 

67 

ns 

tpcp 

Row Select to Row Address Valid 

Figures 7a, 7b 


40 

58 


40 

67 

ns 

tpHA 

Row Address Held from Column Select 

Figure 7a 

10 



10 



ns 

^CCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


65 

90 




ns 

^DIFI 

Maximum (tppDL-tRHA) 

See Mode 4 
description 



13 



18 

ns 

tDIF2 

Maximum (tRcc-tcPDL) 

See Mode 4 
description 



13 




18 



ns 



Refresh Parameter 

tpc 

Refresh Cycle Period 

Figure 2 

100 



100 



ns 

tpASINUH 

Pulse Width of RASIN during Refresh 

Figure 2 

50 



50 



ns 

tpFPDL 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

35 

50 

70 

35 

50 

80 

ns 

tpFPDH 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

30 

40 

55 

30 

40 

65 

ns 

tpFLCT 

RFSH Low to Counter Address Valid 

^ = X, Figures 2,3,4 


47 

60 


47 

70 

ns 

tpFHRV 

RFSH High to Row Address Valid 

Figures 2, 3 


45 

60 


45 

70 

ns 

tpOHNC 

RAS High to New Count Valid 

Figures 2, 4 


30 

55 


30 

55 

ns 

tpLEOC 

RASIN Low to End-of-Count Low 

Cl = 50pF, Figure 2 



80 



80 

ns 

tpHEOC 

RASIN High to End-of-Count High 

Cl = 50pF, Figure 2 



80 



80 

ns 

tpGEOB 

ROCK Low to Endof-Burst Low 

Cl = 50pF, Figure 4 



95 



95 

ns 

tMCEOB 

Mode Change to End-of-Burst High 

Cl = 50pF; Figure 4 



75 



75 

ns 

tpST 

Counter Reset Pulse Width 

Figure 2 

70 



70 



ns 

tCTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 



100 

ns 

tpFCKUH 

Minimum Pulse Width of RFCK 

Figure 9 

100 



100 



ns 

T 

Period of R^ Generator Clock 

Figure 3 

100 



100 



ns 

tpGCKL 

Minimum Pulse Width Low of RGCK 

Figure 3 

35 



40 



ns 

tpGCKH 

Minimum Pulse Width High of RGCK 

Figure 3 

35 



40 



ns 

tFRQL 

RFCK Low to Forced RFRQ Low 

Cl = 50pF, Figure 3 


20 

30 


20 

30 

ns 
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Switching Characteristics (cont d) 

Symbol 

Refresh Parameter 

Conditions 

8409 

8409-3 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

^FRQH 

RGCK Low to Forced RFRQ High 

Ci_ = 50pF, Figure 3 


50 

75 


50 

75 

ns 

tpGRL 

RGCK Low to RAS Low 

Figure 3 

50 

65 

95 

50 

65 

95 

ns 

tRGRH 

RGCK Low to ^ High 

Figure 3 

40 

60 

85 

40 

60 

85 

ns 

tpQHRF 

RFSH Hold Time from RFSH RQST (RF I/O) 

Figure 3 

2T 



2T 



ns 

^RFRH 

PPSH High to RAS High (ending forced RFSH) 

See Mode 1 Descrip. 

55 

80 

110 

55 

80 

125 

ns 

^RFSRG 

RFSH Low Set-up to RGCK Low (Mode 1) 

See Mode 1 Descrip. 

35 



40 



ns 

tcSCT 

CS High to RFSH Counter Valid 

Figure 9 


55 

70 


55 

75 

ns 

^CSRL 

CS Low to Access RASIN Low 

See Mode 5 Descrip. 

10 



15 



ns 

TRI-STATE Parameter 

tzH 

^ Low to Address Output High from Hi-Z 

Figures 9, 12 

R1=3.5k, R2=1.5k 


35 

60 


35 

60 

ns 

tHZ 

CS High to Address Output Hi-Z from High 

Cl = 15pF, 

Figures 9, 12 

R2 = 1k, SI open 


20 

40 


20 

40 

ns 

tzL 

^ Low to Address Output Low from Hi-Z 

Figures 9, 12 

R1=3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

tLZ 

CS High to Address Output Hi-Z from Low 

Cl = 15pF, 

Figures 9, 12, 

R1 =1k, S2 open 


25 

50 


25 

50 

ns 

thZH 

^ Low to Control Output High from 

Hi-Z High 

Figures 9, 12 

R2 = 750Q, SI open 


50 

80 


50 

80 

ns 

^HHZ 

CS High to Control Output Hi-Z High 
from High 

Cl = 15pF, 

Figures 9, 12 

R2 = 750Q, SI open 


40 

75 


40 

75 

ns 

^HZL 

^ Low to Control Output Low from 

Hi-Z High 

Figure 12, 

SI, S2 open 


45 

75 


45 

75 

ns 

^LHZ 

^ High to Control Output Hi-Z High 
from Low 

Cl = 15pF, 

Figure 12, 

R2 = 750Q, SI open 


50 

80 


50 

80 

ns 

SwitChinQ ChdrSOtGriStiCSI DP8409-2 Vcc = 5.0V±5%, 0°C < Ta < 70°C unless otherwise noted 
(Notes 2, 4, 5). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs including trace 
capacitance. These values are: Q0-Q8, Cl = 500pF; RAS0-RAS3, Cl=150pF; WE, Cl = 500pF; CAS, Cl = 600pF, unless 
otherwise noted. See Figure 11 for test load. Switches SI and S2 are closed unless otherwise noted, and R1 and R2 are 
4.7kQ unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

Symbol 

Access Parameter 

Conditions 

8409 - 2 


Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpiCL 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

75 

100 

130 




ns 

tpICL 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

65 

90 

115 




ns 

tpiCH 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

40 

48 

60 




ns 

tpiCH 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

50 

63 

80 




ns 

^RCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 


75 

100 




ns 

tpCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 8a, 8b 


65 

85 




ns 

^RCDH 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 


27 

40 




ns 

tpCDH 

RAS to CAS Output Delay (Mode 6) 

Figure 8a 


40 

65 




ns 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 8b 

40 

54 

70 




ns 

^RAH 

Row Address Hold Time (Mode 5) (Note 7) 

Figure 8a 

20 . 






ns 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

Conditions 

8409-2 


Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tRAH 

Row Address Hold Time (Mode 6) (Note 7) 

Figures 8a, 8b 

12 






ns 

tASC 

Column Address Setup Time (Mode 5) 

Figure 8a 

3 






ns 

tASC 

Column Address Setup Time (Mode 6) 

Figures 8a, 8b 

3 






ns 

tRCV 

RASIN to Column Address Valid (Mode 5) 

Figure 8a 


80 

105 




ns 

tRCV 

RASIN to Column Address Valid (Mode 6) 

Figures 8a, 8b 


70 

90 




ns 

tRPDL 

RASiN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

20 

27 

35 




ns 

tRPDH 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

15 

23 

32 




ns 

tAPDL 

Address Input to Output Low Delay 

Figures 7a, 7b, 8a, 8b 


25 

40 




ns 

tAPDH 

Address Input to Output High Delay 

Figures 7a, 7b, 8a, 8b 


25 

40 




ns 

tsPDL 

Address Strobe to Address Output Low 

Figures 7a, 7b 


40 

60 




ns 

tsPDH 

Address Strobe to Address Output High 

Figures 7a, 7b 


40 

60 




ns 

UsA 

Address Set-up Time to ADS 

Figures 7a, 7b, 8a, 8b 

15 






ns 

tAHA 

Address Hold Time from ADS 

Figures 7a, 7b, 8a, 8b 

15 






ns 

tADS 

Address Strobe Pulse Width 

Figures 7a, 7b, 8a, 8b 

30 






ns 

twPDL 

WIN to We Output Delay 

Figure 7b 

15 

25 

30 




ns 

twPDH 

WIN to WE Output Delay 

Figure 7b 

15 

30 

60 




ns 

tCRS 

CASIN Set-up Time to RASIN High (Mode 6) 

Figure 8b 

35 






ns 

^CPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

32 

41 

58 




ns 

tCPDH 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

25 

39 

50 




ns 

tRCC 

Column Select to Column Address Valid 

Figure 7a 


40 

58 




ns 

tRCR 

Row Select to Row Address Valid 

Figures 7a, 7b 


40 

58 




ns 

tpHA 

Row Address Held from Column Select 

Figure 7a 

10 






ns 

^CCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


55 

75 




ns 

^DIFI 

Maximum (tRPDL -tRHA) 

See Mode 4 
description 



13 




ns 

tDIF2 

Maximum (tRcc-fcPDi) 

See Mode 4 
description 



13 




ns 

Refresh Parameter 

tRC 

Refresh Cycle Period 

Figure 2 

100 






ns 

tRASlNL.H 

Pulse Width of RASIN during Refresh 

Figure 2 

50 






ns 

tRFPDL 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

35 

50 

70 




ns 

tRFPDH 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

30 

40 

55 




ns 

tRFLCT 

RFSH Low to Counter Address Valid 

CS = X, Figures 2,3,4 


47 

60 




ns 

tRFHRV 

RFSH High to Row Address Valid 

Figures 2, 3 


45 

60 




ns 

tROHNC 

RAS High to New Count Valid 

Figures 2, 4 


30 

55 




ns 

tRLEOC 

RASIN Low to End-of-Count Low 

Cl = 50pF, Figure 2 



80 




ns 

tRHEOC 

RASIN High to End-of-Count High 

Cl = 50pF, Figure 2 



80 




ns 

tRGEOB 

RGCK Low to End-of-Burst Low 

Clf50pF, Figure 4 



95 




ns 

tMCEOB 

Mode Change to End-of-Burst High 

Cl = 50pF, Figure 4 



75 




ns 

tRST 

Counter Reset Pulse Width 

Figure 2 

70 






ns 

tcTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 




ns 
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Switching Characteristics (cont d) 


Symbol 

Access Parameter 

Conditions 

8409 - 

2 


Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tRFCKL.H 

Minimum Pulse Width of RFCK 

Figure 9 

100 






ns 

T 

Period of RAS Generator Clock 

Figure 3 

100 






ns 

^RGCKL 

Minimum Pulse Width Low of RGCK 

Figure 3 

35 






ns 

tRGCKH 

Minimum Pulse Width High of RGCK 

Figure 3 

35 






ns 

tpRQL 

RFCK Low to Forced RFRQ Low 

Ct_ = 50pF, Figure 3 


20 

30 




ns 

tpRQH 

RGCK Low to Forced RFRQ High 

Cl = 50pF, Figure 3 


50 

75 




ns 

tRGRL 

RGCK Low to RAS Low 

Figure 3 

50 

65 

95 




ns 

tRGRH 

RGCK Low to RAS High 

Figure 3 

40 

60 

85 




ns 

^RQHRP 

RFSH Hold Time from RFSH RQST (RF I/O) 

Figure 3 

2T 






ns 

^RPRH 

RFSH High to RAS High (ending forced RFSH) 

See Mode 1 Descrip. 

55 

80 

110 




ns 

^RPSRG 

RFSH Low Set-up to RGCK Low (Mode 1) 

See Mode 1 Descrip. 

35 






ns 

^CSCT 

^ High to RFSH Counter Valid 

Figure 9 


55 

70 




ns 

tcSRL 

CS Low, to Access RASIN Low 

See Mode 5 Descrip. 

10 






ns 

tzH 

C^Low to Address Output High from Hi-Z 

Figures 9, 12 

R1=3.5k, R2 = 1.5k 


35 

60 




ns 

tHZ 

^ High to Address Output Hi-Z from High 

Cl = 15pF, 

Figures 9, 12 

R2 = 1k, SI open 


20 

’40 




ns 

tzL 

^ Low to Address Output Low from Hi-Z 

Figures 9, 12 

R1 =3.5k, R2 = 1.5k 


35 

60 




ns 

tLZ 

CS High to Address Output Hi-Z from Low 

Cl = 15pF, 

Figures 9, 12 

R1 = 1 k, S2 open 


25 

50 




ns 

^HZH 

^ Low to Control Output High from 

Hi-Z High 

Figures 9, 12 

R2 = 750Q, SI open 


50 

80 




ns 

tHHZ 

^ High to Control Output Hi-Z High 
from High 

Cl = 15pF, 

Figures 9, 12 

R2 = 750Q, SI open 


40 

75 




ns 

thZL 

^ Low to Control Output Low from 

Hi-Z High 

Figure 12, 

SI, S2 open 


45 

75 




ns 

tlHZ 

CS High to Control Output Hi-Z High 
from Low 

Cl = 15pF, 

Figure 12, 

R2 = 750Q, SI open 


50 

80 




ns 


Input Capacitance TA:= 25 °c(Notes 2 , 6 ) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

C|N 

Input Capacitance ADS, R/C 



8 


PF 

C|N 

Input Capacitance All Other Inputs 



5 


PF 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: All typical values are for T^ = 25®C and Vcc = 5.0V. 

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing 
this parameter. In testing these parameters, a 15Q resistor should be placed in series with each output under test. One output should 
be tested at a time and test time should not exceed 1 second. 

Note 4: Input pulse OV to 3.0V, tR = tF = 2.5ns, f = 2.5 MHz, tpv\/ = 200ns. Input reference point on AC measurements is 1.5V. Output 
reference points are 2.7V for High and 0.8V for Low. 

Note 5: The load capacitance on RF I/O should not exceed 50pF. 

Note 6: Applies to all DP8409 versions unless otherwise specified. 

Note 7: The DP8409-2 device can only be used with memory devices that meet the tpAH specification indicated. 


m 
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Applications 

If external control Is preferred, the DP8409 may be used 
In Mode 0 or 4, as in Figure 6. 

If basic auto access and refresh are required, then in 
cases where the user requires the minimum of external 
complexity, Modes 1 and 5 are ideal, as shown in Figure 
13a. The DP843X2 is used to provide proper arbitration be- 
tween memory access and refresh. This chip supplies all 
the necessary control signals to the pro cess or as well as 
the DP8409. Furthermore, two separate CAS outputs are 
also Included for systems using byte-writing. The refresh 
clock RFCK may be divided down from either RGCK using 
an IC counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300can 
provide RFCK periods ranging from 15.4/iS to 15.6^s based 
on the Input clock of 2 to 10 MHz. Figure 13b shows the 
general timing diagram for interfacing the DP8409to dif- 
ferent microprocessors using the interface controller 
DP843X2. 



-O TEST POINT 


If the system is complex, requiring automatic access and 
refresh, burst refresh, and all-banks auto-write, then 
more circuitry is required to select the mode. This may be 
accomplished by utilizing a PAL. The PAL has two func- 
tions. One as an address comparator, so that when the 
desired port address occurs (programmed in the PAL), 
the comparator gates the data into a latch, where it is 
connected to the mode pins of the DP8409. Hence the 
mode of the DP8409 can be changed as desired with one 
PAL chip merely by addressing the PAL location, and 
then outputting data to the mode-control pins. In this 
manner, all the automatic modes may be selected, 
assigning R/C as RFCK always, and CASIN as RGCK 
always. The output from RF I/O may be use d a s End- of- 
Count to an in terrupt, or Refresh Request to HOLD or 
BUS REQUEST. A complex system may use Modes 5 and 
1 for automatic access and refresh. Modes 3a and 7 for 
system initialization, and Mode 2 (auto-burst refresh) .. 
before and after DMA. ' 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 

PAL® is a registered trademark of and used under license with Monolithic 
Memories, Inc. 
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FIGURE 11. Output Load Circuit 


FIGURE 12. Waveform 


16-BIT MICROPROCESSOR DATA BUS 



FIGURE 13a. Connecting the DP8409 Between the 16-bit 
Microprocessor and Memory 
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FIGURE 13b. DP8409 Auto Refresh 
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DP8419 


National 

Semiconductor 


DP8419 High Speed Dynamic 


General Description 

The DP8419 High Speed DRAM Controller/Driver com- 
bines the most popular memory control features of the 
DP8408/9 DRAM Controller/Driver with the high speed of 
Bipolar Oxide Isolation processing. 

The DP8419 retains the high capacitive-load drive capa- 
bility of the DP8408/9 as well as its most frequently used 
access and refresh modes, allowing it to directly replace 
the DP8408/9 in applications using only modes 0, 1, 4 
and 5. Thus, the DP8419 will allow most DP8408/9 users 
to directly upgrade their system simply by replacing 
their old controller chip with the DP8419. 

Since only two of the three mode pins from the 
DP8408/9 are necessary to select the four available 
DP8419 modes, M1 of the DP8408/9 is called RAHS on 
the DP8419 and allows the user the option of selecting 
tpAH to suit his DRAMs. 


Dynamic Memory Support 

PRELIMINARY 


RAM Controller/ Driver 


Figure 1 shows the DP8419 pinout. It is identical to that 
of the DP8408/9, except for pin 4 which has become 
RAHS. 

Table 1 is a DP8419 mode table. Pins 3 and 5 are used to 
select from the four available operational modes. Note 
that the mode selection scheme is identical to that of 
the DP8408/9 with M1 (pin 4) tied low. 

Features 

■ Pin and functionally compatible with the DP8408/9 
DRAM Controllers in most applications 

■ Significantly faster memory access and refresh due 
to Bipolar Oxide Isolation processing 

■ Choice of tpAH is pin selectable 

■ Nibble mode accessing available in external control 
mode 



Connection Diagram 

Dual-ln-Line Package 



RASIN 

CS 

RF I/O 

wm 

WE 

QO 

Q1 

02 

03 

04 
GND 

05 
VCC 

06 
07 

RAS3 

RA^ 

RA^ 

RASO 

BO 

B1 

C8 


Table 1. DP841 9 Mode Select Options 


Mode 

(RFSH) 

M2 

MO 

Mode of Operation 

0 

0 

0 

Externally Controlled Refresh 

1 

0 

1 

Auto Refresh -- Forced 

4 

1 

0 

Externally Controlled Access 

5 

1 

1 

Auto Access (Hidden Refresh) 
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DP8408, DP8409 
Application Hints 


National Semiconductor 
Application Brief #1 
Tim Garverick 
June 1983 



The DP8408, DP8409 dynamic RAM controllers have been 
well received by dynamic memory users because they per- 
form functions formerly requiring multiple integrated cir- 
cuit chips. These controllers are designed to be suitable 
for a variety of DRAM control methods. As a result of the 
many combinations of ways in which inputs to these chips 
may be varied, it was inevitable that certain conditions ex- 
ist that would cause the DP8408, DP8409 to respond in an 
undesirable way. Feedback from customers using these 
chips has resulted in thorough investigations of such con- 
ditions. The following are constraints on the use of the 
DRAM controllers which are not addressed in their data 
sheets. The majority of customers will find that'most of 
the items on this list are not pertinent to their particular 
application, and those that are impose minimal restrictions. 

1) The on-chip refresh counter resets when the RFI/0 pin 
goes low for a refresh request in mode 5 if this pin is 
excessively loaded with capacitance. The data sheet 
suggests that this pin not be loaded with greater than 
50 pF. Since RFI/0, in most cases, needs only to drive 
a low capacitance in a refresh control circuit, this limit 
is not unreasonable. 

2) When the DP8408, DP8409 is in a refresh mode, the 
RFI/0 pin indicates that the on-chip refresh counter 
has reached its end-of-count. This end-of-count is se- 
lectable as 127, 255 or 511 (511 is available only on the 
DP8409) to accommodate 16k, 64k or 256k DRAMs, re- 
spectively. Although the end-of-count may be chosen 
to be any of these, the counter always counts to 511 
(255 for the DP8408) before rolling over to zero. 

3) In mode 5, the DP8409 request^a refresh when RFI/0 
goes low following RFCK (R/C). DP8409s with date 
code 8209 or earlier, have a slight functional dif- 
ference from later DP8409s. With CS = 1 , RFI/0 goes 
low for only about 10 ns when RFCK goes low, for early 
DP8409S. It stays high until mode 1 is entered and 
then responds as specified in the data sheet. DP8409s 
with date codes after 8209 function as shown in the 
data sheet with CS = 1 . If CS = 0 all DP8409s operate 
as specified in the data sheet. 

4) When going fr om mod e 0, 1 or_2 (refresh) to mode 5 of 
the DP8408, if CAS IN and R/C are both low, a glitch 
occurs on the CAS output. Since neither of these in- 
puts is used in these modes, one or both should be 
held high. 

5) Mos t DRAMs specify 0 ns row address set-up time to 
RAS. In order to guarantee this, the row address to the 


DP8408, DP8409 must be valid 10 ns before RASIN tran- 
sitions low to initiate an access. In terms of the data 
sheet parameters, maximum (tAPD-tRPDi) = 10 ns. 

6) When changing modes from refresh to access, again 
sufficient time must be allowed for the row address to 
be valid before RAS occurs. In this case, the address 
outputs of the DP8408, DP8409 are changing from the 
refresh counter to the row address inputs. In order for 
the r ow addres s to be s et up a minimum of 0 ns before 
RAS goes low, RASIN should not go low until 30 ns 
after the change from refresh to access mode. 

7) Both the low and high pulse widths of RAS have mini- 
mum requirements during refresh. When in mode 0, 
the RAS IN to RAS low delay is longer than the RASIN 
to RAS high delay. In terms of the data sheet 
parameters, maximum (tppPDL- fpFPpH) = 25 ns. 
Thus, the minimum low pulse width of RAS in mode 0 
equals the RASIN low pulse width minus 25 ns. The 
min imum high pulse width of RAS in mode 0 equals 
the RASIN high pulse width. 

8) The fastest memory access may be accomplished 
using mode 4 and external delay lines (see App. 
Brief #9). 

9) In the data sheet, It Is specified that CS should go low 
15 ns (tcsLR) before RASIN goes low to initiate an ac- 
cess in mod e 5. T his is to prevent the possibility of a 
glitch on the RAS outputs, resulting from the DP8409 
interpreting the RASIN as a hidden refresh. For the 
same reason, CS should be held low for a minimum of 
15 ns after RASIN returns high, ending the access in 
mode 5. 

10) If the DP8409 is being used in mode 5 and CS = 1 , and 
if RASIN goes low within 15 ns before RFCK (R/Cj 
goes low, up to a 15 ns glitch may occur on the refresh 
request pin, RFI/0. However, since CS is high, a hid- 
den refresh will occur as it normally would with RFCK 
high. If the glitch on RFI/0 were detected and inter- 
preted as a forced refresh request, no forced refresh ‘ 
would be allowed by the DP8409 since a hidden 
refresh was allowed. This would not cause. any prob- 
lem, however, since the hidden refresh has taken care 
of the refresh requirement for that period of RFCK. 
Also, this forced refresh request could not be detected 
if the system does not check RFI/0 for a low state 
while RASIN is low (i.e., an access is taking place). 
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App Brief 9 


DP8408/9 

Fastest DRAM Access Mode 


If one desires the fastest possible operation of the 
DP8408/9 multi-mode dynamic RAM controller/driver in 
accessing DRAMs, mode 4, externally controlled access 
mode should be considered. 

In using mode 4 there are three input signals which 
must be considered; 

1) RASIN -- generates RAS 

2) R/C — switches between rows and columns on the 

address outputs 

3) CASIN — generates CAS 

In producing these signals a delay will be needed be- 
tween RASIN and R/C and between R /C and CASIN. 
(Note : In m ode 4 external generation of CASIN can p ro- 
duce CAS faster than automatic generation of CAS.) 

Two Important parameters have been added to the 
DP8408/9 data sheets that help one compute the mini- 
mum acceptable delays between the above-mentioned 
signals. These parameters are: 

"•) ^DIF1 = MAXIM UM (tRP DL -fRH A)= “>3 ris 
where tRpDL= RASIN to RAS delay 

tpHA- row address held from column select 
2) tDiF 2 = maximum (tRcc- tcPDL)= 13 ns 

where tRcc = column select to column address 

valid 

tcPDL= CASIN to CAS delay 

These parameters are specified as being less than what 
would be calculated using the min/max values given for 
tRCC» IcPDL. tRPDL and tRHA in the DP8408/9 specification 
sheets, because on-chip delays track over temperature 
and supply variations. 

The equation for the delay between RASIN and R/C that 
guarantees the specified DRAM tpAH is: 

min delay required = toipi + tRAH 
= 13 ns -F tRAH 

where tpAH = DRAM minimu m row address 
hold time from RAS 


National Semiconductor 
Application Brief #9 
Tim Garverick 
Rusty Meier 
February 1983 


Tbe equation for the delay between R/C and CASIN that 
guarantees the specified DRAM tAsc is: 

min delay required = tDiF 2 + Use 

= 13 ns -f tAsc 

where tAsc = DRAM minimu m co lumn address 

set-up time to CAS 

To produce the above-mentioned delays between sig- 
nals, a ±2 ns resolution delay line can be used as 
follows: 

(assuming tRAH = 20 ns, tAsc = 0 ns) 

RASIN to R/C delay = 13 ns -f 20 ns 
= 33 ns 

R/C to CASI N delay =13 ns-f-O ns 
= 13 ns 

Thus, R /C must follow RASIN by a minimum of 33 ns and 
CASIN must follow R/C by a mini mum o f 13 ns. With a 
de lay line of ± 2 ns resolution, the RASIN to R/C and R/C 
to CASIN delays can be typicals of 35 ns and 15 ns, re- 
spectively. (See Figures 1 and 2 below.) 

This scheme will provide a maximum RASIN to CAS 
delay of: 

35 ns -F 15 ns + 2 ns (resolution uncertainty) 

-F MAXIMUM (tcpDL) = 52 ns -F MAXIMUM (tcpoO 
For the DP8408/9-2, MAXIMUM (tcPDL) = 58 ns. 

For the DP8408/9 (no dash), MAXIMUM (tcPDL) = 68 ns 
(not 58 ns as indicated in data sheets up to November 
1982). 

The fastest mode 4 accesses (with the assumed delay 
line and DRAM parameters) are therefore, 110 ns and 
120 ns, respectively, for the -2 and non-dash parts. 

The maximum RASIN to CAS delay (tRici) in mode 5 
(auto mode) for the DP8408/9-2 (which guarantees a min 
tRAH of 20 ns) Is 130 ns. The maximum tRicL in mode 5 for. 
the DP8408/9 (no dash) Is 160 ns. 

Thus, it is shown that If the features offered by the 
DP8408/9 automatic modes can be sacrificed, mode 4 
(externally controlled access) may be used to obtain the 
fastest memory access. 
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Figure 2. Mode 4 Externally Generated Signals 
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Precautions to Take 
When Driving Memories 


National Semiconductor 
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As memory prices continue their relentless reduction of 
cost per bit, more and more systems designers are Incor- 
porating memories Into their designs. In general these 
memories comprise a number of dynamic RAMs, such 
as the 64k X 1. In this x 1 configuration, the number of 
RAMs required is a multiple of the bus width. Most new 
system designs use 16-bit microprocessors, so that a 
typical memory will comprise from 16 to 64 DRAMs, thus 
providing from 64k to 256k addressing capability. This 
means the memory drivers have to drive upwards of 16 
RAMs. The drivers may be part of an integrated circuit 
dynamic RAM controller such as the DP8408/DP8409, or 
they may be on a separate chip such as the 
DP84240/DP84244 octal memory drivers. The rec- 
ommendations in this article are valid for any type of 
memory driver. The purpose of the article is to forewarn 
new designers using memories of problems they will 
encounter if adequate precautions are not taken. 

A typical configuraton of a 16-bit wide memory is shown 
in Figure 1. Each drive r address output goes to every 
dynamic RAM, as does WE. CAS outputs go to hal f the 
number of RAMs assuming byte writing is required. RAS 
outputs each go only to one bank. Note that these loads 
are not true for the data inputs and outputs. Each data 
I/O only connects to its respective bit, so the loading is 
only one RAM per bank for data. In general, this is why 
buffers are not required on the data bus when interfac- 
ing to memory. Data In of the RAMs can be linked 
directly to Data Out for any one bit, and also to the cor- 
responding bit on the data bus. This is true for normal 
read and write operations, but if read-modify-write 
cycles are employed, the Data Out signals must be 
buffered from the data bus. 

Using this typical memory configuration may not be as 
simple as it seems. Without care and attention, prob- 
lems can arise for the unprepared, and there are two 
areas in particular which may cause memory errors or 
memory damage: one is voltage overshoot caused by 
inductive traces and high capacitive loads, the other is 
switching spikes caused by switching high capacitive 
loads. 

Overshoot and Undershoot 

(Undershoot is Negative Overshoot) 

When a system requires a number of dynamic RAMs, the 
result is high capacitance loads, caused by a com- 
bination of RAM input capacitance and trace capaci- 
tance. Each dynamic RAM has a specified input capaci- 
tance of lOpF maximum, but most dynamic RAMs are 
closer to 2 to 3pF. Very few actually get close to 10pF, 
even under worst case conditions of high temperature 
and Vcc- It is safe, therefore, to assume a much lower 
average input capacitance when using 16 or more RAMs. 


In fact, the Input capacitance of most inputs is due more 
to the package than the input gating, because the silicon 
gate inputs of the transistors in today’s market have 
such high Impedance. A typ ical maxi mum would be 
2.5 pF. Control Inputs such as RAS and CAS connect to, 
more than one transistor input. For example, on the 
National Semi conductor 64k x1 dynami c RA M, the 
NMC4164, RAS goes to two transistors and CAS to four. 
In general, this is true for most manufacturers’ RAMs, so 
a more typic al maximum input capacitance would be 
3pF for RAS and 3.5pF for CAS. RAM input currents are 
so small as to be negligible. The input current is quoted 
as IO/4A maximum, but again most RAMs are much less 
than this in a typical memory. Driving DRAMs, therefore, 
is not a problem of DC drive capability, but rather a 
problem of capacitance drive capability. 

Driving DRAM input capacitance is further compounded 
by printed circuit traces, and even more so by wire- wrap- 
ping. Both can be represented by a transmission line with 
distributed capacitance and inductance. Thus, the total 
load is equivalent to a complex impedance comprising 
the distributed trace Inductance, and a capacitance com- 
prising distributed trace capacitance and RAM input ca- 
pacitance as shown in Figure 2a. 

The effect is an overshoot or undershoot at the dynamic 
RAM inputs that occurs each time a memory driver 
changes state, as shown in Figure 2b. As the driver output 
changes state, the load capacitance cannot be instan- 
taneously charged or discharged because the current 
available is limited both by the driver transistor imped- 
ance, and the equivalent series resistance from the 
supply rail through the chip to the trace resistance. This 
current will be similar in value to the quoted short circuit 
current of the driver stage; therefore, there is a spike of 
current that lasts as long as it takes to change the voltage 
of ail the capacitances. For the driver stages of the 
DP8408/DP8409, or the DP84240/DP84244, the typical 
short circuit current is 100mA per stage. This is true for 
either direction, so that the high-to-low transition takes 
roughly the same time as the low-to-high transition, min- 
imizing skew times on all the driver outputs, as they 
transition in either direction. Assuming the output low 
voltage, Vql, is 0.2 V and the output high voltage, Vqh, is 
3.2V, and that the charge/discharge current is constant 
at Isc, then the current spike will exist for a time, T, 
where, 

T=CLX(VoH-VoL)/isc 
= 500pF X 3.0V/100mA = 15ns 
Cl (500 pF) is the load capacitance of typically 64 to 88 
dynamic RAMs, in other words, four banks comprising 
16 data bits and possibly six check bits if error 
correction Is required. 
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In fact, due to the trace inductance, the rate of change of 
current will not be a step function, so that the current 
waveform looks like a spike. Even so, the rapid rate of 
change of current, di/dt, into the trace inductance L, will 
create a potentially excessive voltage “e” across this 
inductance. As an example, if the current changes from 
0 to 100mA in 6ns, and the composite trace inductance 
is 0.3/iH, then the voltage across this inductance is “e,” 
where, 

e = L di/dt 

= 0.3HHx100mA/6ns = 5V 

In other words, at this rate of change in current, even a 
small inductance can be dangerous for two reasons. 
First, the dynamic RAMs at the far end of the trace could 
be destroyed, unless they have clamping diodes to Vcc 
and GND (most do not), or second, the returning voltage 
may exceed the threshold it has just passed causing a 
second and then third change of state. If thi s sud den 
glitch occurs on a control signal input such as RAS, the 
memory contents may be inadvertently changed. 

It is therefore necessary to remove the spike. The most 
common approach is to insert a damping resistor in the 
path between the driver and the RAMs, fairly close to the 


driver, as shown by Rq in Figure 2a. The best value for the 
resistor is the critical value giving a critically damped 
transition. Too high a value will cause overdamping 
which results in a slow transition. This slow edge may 
create excessive skew problems and slow down the 
memory cycle, or even worse, the edge may be slow 
enough that the RAM cycle never begins internally. If the 
damping resistor value is too low, the undershoot or 
overshoot may not be removed. It is therefore recom- 
mended that the resistor be determined on the first pro- 
totypes (not wire-wrapped prototypes because the value 
will be different due to the larger distributed Inductance 
and capacitance). Also, the v alues may be different for 
the control line s, pa rticularly CAS. If there are a number 
of banks, and a RAS is used to select each bank, then the 
damping resistor in this line will be higher. 

Typical values for the damping resistors will be between 
15Q and 100Q, the lower the loading, the higher the 
values. Some 1C manufacturers offer octal memory driv- 
ers with on-chip series resistors fixed at ^=25Q. Unless 
this Is the critical value required for all the lines, prob- 
lems will arise. The DP8400 family has been designed 
with equivalent internal values of approximately 10Q, 
allowing for any external value of damping resistor. 


16-BIT MICROPROCESSOR DATA BUS 


QO-7 


RAS3 

RM2 

RAS1 

RASO 


WE 


SELECT UPPER BYTE 
SELECT LOWER BYTE 



NECESSARY IF MORE 
THAN ONE BANK 


Figure 1. Typical 16-Bit Memory with 
Byte Write Address 
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Figure 2a. Complex Load Impedance Caused by 
Distributed Trace Inductance L and Capacitance Cs, 
and RAM Input Capacitance C|n 



Figure 2b. Timing Waveforms Showing the Effect of 
Variations of Rq on Signais Appearing at the RAM 


Switching Current Spikes 

Another major undesirable effect of the fast current 
spikes is the effect on the Vcc GND pins. The worst 
case is when all eight or nine address outputs switch in 
the same direction at the same time, as shown in Figure 
3a. If each driver can source or sink 100mA, then a 
current of approximately 1 A could enter or exit the driver 
chip in a period of 20ns. The resistance and inductance 
of the Vcc and GND lines to the chip can cause 
excessive drops during this switching time (see wave- 
forms in Figure 3a), which may, in turn, upset latches 
either In the DP8408/DP8409, or externally. A ceramic 
capacitor connected across Vcc and GND pins will 
largely remove the spike. A ljuF multilayer ceramic is 
recommended. This should be fitted as close as possi- 


ble to the pins in order to reduce lead inductance. The 
DP8408/DP8409 pin configuration facilitates this with 
GND and Vcc P'ns 0.2" apart so that the ceramic capaci- 
tor can be fitted as close to the chip as possible. The 
second GND pin should also be decoupled. These GND 
and Vcc P>ns are located in the center of the package to 
reduce bonding lead lengths. In fact, the lead resistance 
is five times lower than if the supply pins were in the 
corners. An example of how this spike can be reduced 
would be the previous example of a 1 A change in supply 
current switching in 20ns with a VF ceramic capacitor 
decoupling GND and Vcc- The voltage drop “v” is 
1 Ax20ns/VF, or 20 mV. 
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If the decoupling capacitor was O.OVF, the. drop would 
be 2V. Tantalum or other types of capacitors are lower 
frequency capacitors and have only a small effect in re- 
ducing the voltage spike. Ceramic capacitors are high 
frequency, and multilayer capacitors with lower induc- 
tance have a greater effect in reducing the voltage spike 
and are therefore recommended. As a further recommen 
dation, the dynamic RAMs should be similarly decoupled 
with approximately a 0.1 /uF ceramic capacitor on each 
RAM. Wire-wrapped boards, in particular, need special 
attention. 

There are some other precautions that may be con- 
sidered when driving memories. First, be aware that IC 


sockets increase load capacitance and inductance, so it 
becomes a matter of the importance of removability of 
chips, and maintainability. Also, shorter, thicker trace 
lengths will reduce the load, and good GND and Vcc con- 
nections will help reduce the voltage spikes around the 
memory board. For wire-wrapped designs, GND and Vcc 
should be multiwired. 

With proper decoupling and correct selection of damp- 
ing resistors, integrated circuit dynamic RAM controllers 
will function as expected to ease the burden of the 
system designer. 


INTERNAL EXTERNAL 



Figure 3a. Effect of Switching All Outputs 
Simultaneously in the Same Direction 
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Figure 3b. Timing Waveforms Showing Internal Supply 
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DP8400 — E^C^ Expandable Error Checker and Corrector 


General Description 

The DP8400 Expandable Error Checker and Corrector 
(E^C^) aids system reliability and integrity by detecting er- 
rors in memory data and correcting single or double-bit er- 
rors. The E^C^ data I/O port sits across the processor- 
memory data bus as shown, and the check bit I/O port con- 
nects to the memory check bits. Error flags are provided, 
and a syndrome I/O port Is available. Fabricated using 
high speed Schottky technology in a 48-pin dual-in-line 
package, the DP8400 has been designed such that its in- 
ternal delay times are minimal, maintaining maximum 
memory performance. 


i_ 
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SYSTEM 

CONTROL 


6 / 7 / 8/8 


-h- 

SYNDROME 

BUS 


DATA BUS 



16 / 32 / 48/64 
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CHECK BIT 
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MEMORY 
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ERROR FLAGS 


For a 16-bit word, the DP8400 monitors data between the 
processor and memory, with Its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 uses 
an encoding matrix to generate 6 check bits from the 16 
bits of data. In a WRITE cycle, the data word and the cor- 
responding check bits are written Into memory. When the 
same location of memory is subsequently read, the E^C^ 
generates 6 new check bits from the memory data and 
compares them with the 6 check bits read from memory to 
create 6 syndrome bits. If there Is a difference (causing 
some syndrome. bits to go high), then that memory loca- 
tion contains an error and the DP8400 indicates the type of 
error with 3 error flags. If the error Is a single-bit error, the 
DP8400 will automatically correct it. 

The DP8400 is easily expandable to other data configura- 
tions. For a 32-bit data bus with 7 check bits, two DP8400s 
can be used In cascade with no other ICs. Three DP8400s 
can be used for 48 bits, and four DP8400S for 64 data bits, 
both with 8 check bits. In all these configurations, single 
and double-error detection and single-error correction are 
easy to implement. 

When the memory Is more unreliable, or better system in- 
tegrity is preferred, then in any of these configurations, 
double-error correction can be performed. One approach 
requires a further memory WRITE-READ cycle using com- 
plemented data and check bits from the DP8400. If at least 
one of the two errors Is a hard error, the DP8400 will correct 
both errors. This Implementation requires no more 
memory check bits or DP8400s than the single-error cor- 
rect configurations. 


The DP8400 has a separate syndrome I/O bus which can 
be used for error logging or error management. In addition, 
the DP8400 can be used in BYTE-WRITE applications (for 
up to 72 data bits) because it has separate byte controls 
for the data buffers. In 16 or 32-bit systems, the DP8400 will 
generate and check system byte parity, if required, for in- 
tegrity of the data supplied from or to the processor. There 
are three latch controls to enable latching of data in vari- 
ous modes and configurations. 


Operational Features 

■ Fast singfe and double-error detection 

■ Fast single-error correction 

■ Double-error correction after catastrophic failure with 
no additional ICs or check bits 

■ Functionally expandable to 100% double-error correct 
capability 

■ Functionally expandable to triple-error detect 

■ Directly expandable to 32 bits using 2 DP8400s only 

■ Directly expandable to 48 bits using 3 DP8400s only 

■ Directly expandable to 64 bits using 4 DP8400s only 

■ Expandable to and beyond 64 bits in fast configuration 
with extra ICs 

■ 3 error flags for complete error recording 

■ 3 latch enable Inputs for versatile control 

■ Byte parity generating and checking 

■ Separate byte controls for outputting data in BYTE- 
WRITE operation 

■ Separate syndrome I/O port accessible for error logging 
and management 

■ On-chip input and output latches for data bus, check bit 
bus and syndrome bus 

■ Diagnostic capability for simulating check bits 

■ Memory check bit bus, syndrome bus, error flags and in- 
ternally generated syndromes available on the data bus 

■ Self-test of E^C^ on the memory card under processor 
control 

■ Full diagnostic check of memory with the E^C^ 

■ Complete memory failure detectable 

■ Power-on clears data and syndrome input latches 

Timing Features 

16 -BIT CONFIGURATION 

WRITE Time: 35 ns from data-in to check bits valid 

DETECT Time: 35 ns from data-in to Any Error (AE) flag set 

CORRECT Time: 70 ns from data-in to correct data out 
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Timing Features (Continued) 

32-BIT CONFIGURATION 

WRITE Time: 65 ns from data-in to check bits valid 
DETECT Time: 60 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 1 25 ns from data-in to correct data out 


DP8400 Connection Diagram 


Dual-ln-Line Package 
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TOP VIEW 

Order Number DP8400N-4 or DP8400D-4 
See NS Package N48A or D48A 


Pin Definitions See Figure 1 for abbreviations 

Vcc> GND, GND: 5.0V ±5%. The 3 supply pins have been 
assigned to the center of the package to reduce voltage 
drops, both DC and AC. Also there are two ground pins to 
reduce the low-level noise. The second ground pin is lo- 
cated two pins from Vcc, so that decoupling capacitors 
can be inserted directly next to these pins. It is important 
to adequately decouple this device, due to the high switch- 
ing currents that will occur when all 16 data bits change in 
the same direction simultaneously. A recommended solu- 
tion would be a 1 /iF multilayer ceramic capacitor in 
parallel with a low-voltage tantalum capacitor, both con- 
nected close to pins 36 and 38 to reduce lead inductance. 

DQ0-DQ15: Data I/O port. 16-bit bidirectional data bus 
which is connected to the input of DILO and DILI and the 
output of DOBO and DOB1, with DQ8-DQ15 also to GIL. 

C0-C6: Check-bit I/O port. 7-bit bidirectional bus which is 
connected to the input of the OIL and the output of the 
COB. COB is enabled whenever M2 is low. 


S0-S6; Syndrome I/O port. 7-bit bidirectional bus which is 
connected to the input of the SIL and the output of the 
SOB. 

DLE: Input data latch enable. When high, DILO and DILI 
outputs follow the input data bus. When low, DILO and 
DILI latch the Input data. 

CSLE: Input check bit and syndrome latch enable. When 
high, CIL and SIL follow the input check and syndrome 
bits. When lo w, CIL and SIL latch the input check and syn- 
drome bits. If OES Is low, SIL remains latched. 

OLE: Output latch enable. OLE enables the internally 
generated data to DOLO, and DOL1, COL and SOL when 
low, and latches when high. 

XP: Multi-expansion, which feeds into a three-level com- 
parator. With XP at OV, only 6 or 7 check bits are available 
for expansion up to 40 bits, allowing byte parity capability. 
With XP open or at Vcq, expansion beyond 40 bits is possi- 
ble, but byte parity capability is no longer available. When 
XP is at Vcc, CG6 and CG7, the internally generated upper 
two check bits, are set low. When XP is open, CG6 and CG7 
are set to word parity. 

BPO (C7): When XP is at OV, this pin is byte-0 parity I/O. In 
the Normal WRITE mode, BPO receives system byte-0 pari- 
ty, and in the Normal READ mode outputs system byte-0 
parity. When XP is open or at Vqc, this pin becomes C7 I/O, 
the eighth check bit for the memory check bits, for 48-bit 
expansion and beyond. 

BP1 (S7): When XP is at OV, this pin Is byte-1 parity I/O. In 
the Normal WRITE mode, BPi receives system byte-1 pari- 
ty, and in the Normal READ mode outputs system byte-1 
parity. When XP is open or at Vqc, this pin becomes S7 I/O, 
the eighth syndrome bit for 48-bit expansion and beyond. 

AE: Any error. In the Normal READ mode, when low, AE In- 
dicates no error and when high, indicates that an error has 
occurred. In any WRITE mode, AE is permanently low. 

EO: In the Normal READ mode, EO Is high for a single-data 
error, and low for o ther conditions. In the Normal WRITE 
mode, EO becomes PEO and is low If a parity error exists in 
byte-0 as transmitted from the processor. 

E1: In the Normal READ mode, El Is high for a single-data 
error or a single check bit error, and low for no error and 
double-error. In the Normal WRITE mode, E1 becomes PEI 
and Is low if a parity error exists in byte-1 as transmitted 
from the processor. 

OBO, OBI: Output byte-0 and output byte-1 enables. 
These inputs, when low, enable DOLO and DOL1 through 
DOBO and DOB1 onto the data bus pins DQ0-DQ7 and 
DQ8-DQ15. When OBO and OBI are high the DOBO, DOB1 
outputs are TRI-STATE®. 

OES: Output enable syndromes. I/O control of the syn- 
drome latches. When high, SOB Is TRI-STATED and exter- 
nal syndromes pass t hrou gh the syndrome input latch 
with CSLE high. VVhen OES Is low, SOB is enabled and the 
generated syndromes appear on the syndrome bus, also 
CSLE is inhibited internally to SIL. 

MO, Ml, M2: Mode control inputs. These three controls 
define the eight major operational modes of the DP8400. 
Table III depicts the modes. 



TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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BYTE PARITY 
ERROR 
DETECTOR 


SYNDROME BUS 


CHECK BIT BUS 


In 


DIL 

Data Input Latch 

DOLO, 1 

Data Output Latch Bytes 0, 1 

CG 

Check Bit Generator 

COL 

Check Bit Output Latch 

GIL 

Check Bit Input Latch 

SOL 

Syndrome Output Latch 

CC 

Check Bit Complementer 

DOBO, 1 

Data Output Buffer Bytes 0, 1 

SIL 

Syndrome Input Latch 

COB 

Check Bit Output Buffer 

PSG 

Partial Syndrome Generator 

SOB 

Syndrome Output Buffer 

SG 

Syndrome Generator 

EE 

Error Encoder 

DED 

Data Error Detector 

DCO, 1 

Data Corrector Bytes 0, 1 

DEO, 1 

Data Error Bytes 0, 1 



PE 

Parity Error 




pn mode of operation signifies active signal 


FIGURE 1. DP8400 Block Diagram 
































SYSTEM WRITE (Figure 2a) 

The Normal WRITE mode is mode 0 of Table III. Referring 
to the block diagram in Figure 9a and the timing diagram 
of Figure 9b, the 16 bits of data from the processor are ena- 
bled Into the data input latches, DILO and DILI, when the 
input data latch enable (DLE) is high. When this goes low, 
the input data is latched. The check bit generator (CG) 
then produces 6 parity bits, called check bits. Each parity 
bit monitors different combinations of the input data-bits. 
In the 16-bit configuration, assuming no syndrome bits are 
being fed in from the syndrome bus into the syndrome in- 
put latch, the 6 check bits enter the ch eck bit output latch 
(COL), when the o utpu t latch enable OLE is low, and are 
latched In when OLE goes high. Whenever M2 (READ/ 
WRITE) is low, the check bit output buffer COB always 
enables the COL contents onto the external check bit bus. 
Also t he data error decoder (DED) is inhibited during 
WRITE so no correction can take place. Dat a ou tput 
latches DOLO and DOL1, when enabled with OLE, will 
therefore see the contents of DILO and DILI. If valid 


system data is still on the data bus, a memory WRITE will 
write to memory the data on the data bus and the check 
bits output from COB. If the s yste m has vacated the data 
bus, output enables (OBO and OBI) must be set low so that 
the original data word with its 6 check bits can be written 
to memory. 

SYSTEM READ 

There are two methods of reading data: the error monitor- 
ing method (Figure 2b), and the always correct method 
(Figure 2c). Both require fast error detection, and the sec- 
ond, fast correction. With the first method, the memory 
data is only monitored by the E^C^, and is assumed to be 
correct. If there is an error, the Any Error flag (AE) goes 
high, requiring further action from the system to correct 
the data. With the always correct method, the memory 
data is assumed to be possibly in error. Memory data is 
removed and the corrected, or alrea dy c orrec t, data is out- 
put from the E^C^ by enabling OBI and OBO. To detect an 
error (referring to Figures 10a and 10b) first DLE and CSLE 






FIGURE 2c. Normal READ Mode, Always Correct Method with E^C^ 
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go high to enter data bits and check bits from memory into 
DILO, DOL1 and CIL The 6 check bits generated in CG from 
DILO and DOL1 are then compared with CIL to generate 
syndromes on the internal syndrome bus (SG). Any bit or 
bits of SG that go high indicate an error to the error en- 
coder (EE). 

If data correction is required OBO and OBI must be set low 
(after memory data has been disabled) to enable data out- 
put buffers DOBO and DOB1. The location of any data bit 
error is determined by the data error decoder (DED), from 
the syndrome bits. The bit in error is complemented in the 
DOL for correction. The other 15 bits from DED pass the 
DIL contents directly to the DOL, so that DOL now con- 
tains corrected data. 

ERROR DETERMINATION 

The three error flags, for a 16-bit example, are decoded 
from the internally generated syndromes as shown In 
Figure 3. First, if any error has occurred, the generated 
check bits will be different from the memory check bits, 
causing some of the syndrome bits to go high. By OR-ing 
the syndrome bits, the output will be an indication of any 
error. 

If there is a single-data error, then (from the matrix In 
Table IV) it can be seen that any data error causes either 3 
or 5 syndrome bits to go high. 16 AND gates decode which 
bit is in error and the bit in error is XOR-ed with the cor- 
responding bit of the Dl L to correct It, whereas the other 15 
decoder outputs are low, causing the corresponding 15 
bits in DIL to transfer to DOL directly. DOL now contains 
corrected data. The 16 AND gate outputs are OR-ed to- 
gether causing EO to go high, so that EO is the single-data- 
error indication. If the error is a double-error, then either 2, 



INTERNAL 

SYNDROME 

BUS 

FIGURE 3. Error Encoder 


4 or 6 of the syndrome bits will be high. The syndromes for 
two errors (including one or two check bit errors) are the 
two sets of syndromes for each individual error bit, 
XOR-ed together. By performing a parity check on the syn- 
drome bits, flag El will indicate ev^/odd parity. If there is 
still an error, but it is not one of these errors, then it is a 
detectable triple-bit error. Some triple-bit errors are not 
detectable as such and may be interpreted as single-bit er- i 
rors and falsely corrected as single-data errors. This is 
true for all standard ECC circuits using a Modified 
Hamming-code matrix. The DP8400 is capable, with its 
Rotational Syndrome Word Generator matrix, of determin- 
ing all triple-bit errors using twice as many DP8400S and 
twice as many check bits. 

ERROR FLAGS 

Three error flags are provided to allow full error determina- 
tion. Table I shows the error flag outputs for the different 
error types in Normal READ mode. If there is an error, then 
ANY ERROR will go high, at a time TObj after 

data and check bits are presented to the DP8400. The 
other two error flags EO and El become valid tpEo and 
toEi later. 

The error flags differentiate between no error single check 
bit error, single data-bit error, double-bit error. Because the 
DP8400 can correct double errors, it is important to know 
that two errors have occurred, and not just a multiple-error 
indication. The error flags will remain valid as long as DLE 
and CSLE are low, or if DLE is high, and data and check 
bits remain valid. 

BYTE PARITY SUPPORT 

Some systems require extra integrity for transmission of 
data between the different cards. To achieve this, individ- 
ual byte parity bits are transmitted with the data bits in 
both directions. The DP8400 offers byte parity support for 
up to 40 data bits. If the processor generates byte parity 
when transferring information to the memory, during the . 
WRITE cycle, then each byte parity bit can be connected to 
the corresponding byte parity I/O pin on the DP8400, either 
BPO or BP1. The DP8400 develops Its own internal byte 
parity bits from the two bytes of data from the processor, 
and compares them with BPO and BP1 using an exclusive- 
OR for both parities. The output of each exclusive-OR is 
fed to the error flags EO and El as PEO and PEI, so that a 
byte parity error forces its respective error flag low, as in 
Table II. These flags are only valid for the Normal WRITE 
(mode 0) and XP at OV. The DP8400 checks and generates 
even byte parity. 

When transferring Information from the memory to the 
processor, the DP8400 receives the memory data, and out- 
puts the corresponding byte parity bits on BPO and BP1 to 
the processor. The processor block can then check data 
Integrity with its own byte parity generator. If in fact 
memory data was in error, the DP8400 derives BPO and 
BP1 from the memory input data, and not the corrected 
data, so when corrected data is output from the DP8400, 
the processor will detect a byte parity error. 

If correct byte parity is' required, transfer of corrected out- 
put data in the DOL to DIL will result ip correct byte parity 
at BPO and BP1. This can be part of a normal memory re- 
WRITE cycle once an error has occurred. 
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TABLE I. ERROR FLAGS AFTER 
NORMAL READ (MODE 4) 


AE 

El 

EO 

Error Type 

0 

0 

0 

No error 

1 

1 

0 

Single check bit error 

1 

1 

1 

Single-data error 

1 

0 

0 

Double-bit error 

All Others 

Invalid conditions 


TABLE 11. ERROR FLAGS AFTER 
NORMAL WRITE (MODE 0) 


AE 

El (PEI) 

EO (PEO) 

Error Type 

0 

1 

1 

No parity error 

0 

1 

0 

Parity error, byte 0 

0 

0 

1 

Parity error, byte 1 

0 

0 

0 

Parity error, bytes 0, 1 


TABLE III. DP8400 MODES OF OPERATION 


Mode 

M2 

(R/W) 

Ml 

MO 

OK 

Operation 

0 

0 

0 

0 

X 

Normal WRITE 

DIL- DOL, CG- COL- COB 

1 

0 

0 

1 

X 

Complement WRITE 

Dll— DOL, ^L— COL- COB 

2 

0 

1 

0 

X 

Diagnostic WRITE, DLE inhibited 
DQ8-DQ15© CG- SOL- SOB 
DQ8-DQ15- CIL- COL- COB 

3 

0 

1 

1 

X 

Complement data-only WRITE 

DIL— DOL, 

(CGO, 1, 4, 5, CG2, CG3)- COL- COB 

4 

1 

0 

0 

X 

Normal READ 

DIL © DE— DOL, CIL— COL 

5 

1 

0 

1 

X 

Complement READ 

DIL © DE- DOL, CIL- COL 

6A 

1 

1 

0 

0 

READ generated syndromes, check bit 
bus, error flags, SG0-SG6— DQ0-DQ6, 
CIL0-CIL6^DQ8-DQ14, E1-DQ7, 
E0-DQ15 

6B 

1 

1 

0 

1 

READ syndrome bus, check bit bus, error 
flags, SIL0-SIL6- DQ0-DQ6, 

CIL0-CIL6 -* DQ8-DQ14, El DQ7, 

EO ^ DQ15 

7A 

1 

1 

1 

0 

Generated syndromes replace with zero 
0-SIL-SG, CIL-COL, 

DIL© DE-DOL 

7B 

1 

1 

1 

1 

Generated syndromes replace 

SIL— SG, CIL- COL, DIL © DE- DOL 


TABLE IV. DATA-IN TO CHECK BIT GENERATE, OR DATA BIT ERROR TO SYNDROME-GENERATE 
MATRIX (16-BIT CONFIGURATION) 


0 


2 3 4 5 6 


111111 
8 9 0 1 2 3 4 5 


) 


DQO-15 


GENERATE CHECK BITS 



0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

.0 

1 

1 

1 

0 



1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 


GENERATED ^ 

2 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

2* 

GENERATED 
" CHECK 

SYNDROMES 

3 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

3* 

BITS 


4 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

4 


5 

1 

1 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

5 



48975139EBD3C7FF0 
3320232130012321 1 

V ^ ^ 


* C2, C3 generate odd parity 


HEXADECIMAL EQUIVALENT 
OF SYNDROME BITS 


m 
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MODES OF OPERATION 

There are three mode-control pins, M2, M1 and MO, offer- 
ing 8 major modes of operation, according to Table III. 

M2 is the READ/WRITE control. In normal operation, mode 
0 is Normal WRITE and mode 4 is Normal READ. By clamp- 
ing MO and M1 low, and setting M2 low during WRITE and 
high during READ, the DP8400 is very easy to use for nor- 
mal operation. The other modes will be covered in later 
sections. 

16-Bit Configuration 

The first two rows on top of the check bit, generate matrix 
(Table IV) indicate the data position of DQO to DQ15. The 
left side of the matrix, listed 0 to 5, corresponds to syn- 
dromes SO to S5. SO is the least significant syndrome bit. 
There are two rows of hexadecimal numbers below the 
matrix. They are the hex equivalent of the syndrome pat- 
terns. For example, syndrome pattern in the first column 
of the matrix is 00101 1 . Its least significant four bits (0010) 
equal hexadecimal 4, and the remaining two bits (1 1) equal 
hexadecimal 3. 

Check bit generation is done by selecting different com- 
binations of data bits and generating parities from them. 
Each row of the check bit generate matrix corresponds to 
the generation of a check bit numbered on the right hand 
side of the matrix, and the ones in that row indicate the 
selection of data bits. 

The following are the check bit generate equations for 
16-bit wide data words: 

CGO = DQ2 e DQ3 © DQ4 © DQ5 © DQ6 © DQ7 © DQ9 © 
DQ10 © DQ11 © DQ13 © DQ14 © DQ15 
CGI = DQ3 © DQ6 © DQ8 © DQ9 © DQ11 © DQ13 ® 
DQ14 © DQ15 

*CG2 = DQ0 © DQ3 © DQ4 © DQ8 © DQ10 © DQ12 © 
DQ13 © DQ14 © DQ15 © 1 

*CG3 = DQ1 © DQ2 © DQ7 © DQ8 © DQ9 © DQ10 © DQ12 
© DQ14 © DQ15 © 1 

CG4 = DQO © DQ1 © DQ5 © DQ7 © DQ8 © DQ11 © DQ13 
© DQ15 

CG5 = DQO © DQ1 © DQ2 © DQ4 © DQ5 © DQ6 © DQ8 © 
DQ12 © DQ13 © DQ14 
*CG2 and CG3 are odd parities. 

The following error map (Table V) depicts the relationship 
between all possible error conditions and their associated 
syndrome patterns. For example, If a syndrome pattern Is 
SO -5 = 111101, data bit 14 is in error. 

Figure 4 shows how to connect one DP8400 in a 16-bit con- 
figuration, in order to detect and correct single or double- 


bit errors. For a Normal WRITE, processor data is 
presented to the DP8400, where it is fed through DILO and 
DILI to the check bit generator. This generates 6 parity bits 
from different combinations of data bits, according to 
Table IV. The numbers in the row below the table are the 
hexadecimal equivalent of the column bits (with bits 6, 7 
low). A ‘T in any row indicates that the data bit in that col- 
umn is connected to the parity generator for that row. For 
example, check bit 1 generates parity from data bits 3, 6, 8, 
9, 11, 13, 14, and 15. 

Check bits 0, 1, 4, 5, and 6 generate even parity, and check 
bits 2 and 3 generate odd parity. This is done to insure that 
a total memory failure is detected. If all check bits were 
even parity, then all zeros in the data word would generate 
all check bits zero and a total memory failure would not be 
detected when a memory READ was performed. Now all- 
zero-data bits produce C2 and C3 high and a total memory 
failure will be detected. When reading back from the same 
location, the memory data bits (possibly in error) are fed to 
the same check bit generator, where they are compared to 
the memory check bits (also possibly in error) using 6 
exclusive-OR gates. The outputs of the XORs are the syn- 
drome bits, and these can be determined according to 
Table IV for one data bit error. For example, an error in bit 2 
will produce the syndrome word 101001 (for S5 to SO 
respectively). The syndrome word is decoded by the error 
encoder to the error flags, and the data-error decoder to 
correct a single data bit error. Assuming the memory data 
has been latched in the DIL, by making DLE go low, 
mem ory data can be disabled. Then by setting OBO and 
OBI low, corrected data will appear on the data bus. The 
syndromes are available as outputs on pins SO-5 when 
OES i s low . It is also possible to feed in syndromes to SIL 
when OES is high and CSLE goes high. This can be useful 
when using the Error Management Unit shown in Figure 4. 
06 and S6 are not used for 16 bits. It is safe therefore to 
make 06 appear low, through a 2.7 kfi resistor to ground. 
The same app lies for S6 if syndromes are input to the 
DP8400. If OES Is permanently low, S6 may be left open. 

Any 16-bit memory correct system using th e DP 8400 
without syndrome inputs must keep the OES pin 
grounded, then all the syndrome I/O pins may be left 
open. The reason for this is that the DP840 0 res ets the 
syndrome input latch at power up. If the OES pin is 
grounded, the syndrome input latch will remain reset for 
normal operations. 

The parameter t^MR (see Figure 10b), new mode recog- 
nized time. Is measured from M2 (changing from READ 
to WRITE) to the valid che ck bits appearing on the check 
bit bus, provided the OLE was held low. 


TABLE V. SYNDROME DECODE TO BIT IN ERROR FOR 16-BIT DATA WORD 


SO 

Syndrome SI 
Bits S2 

S3 

S5 S4 

0101010101010101 

0011001100110011 

0000111100001111 

0000000011111111 

0 0 

0 1 

1 0 

1 1 

NE 

CO 

Cl 

D 

C2 

D 

D 

3 

C3 

D 

D 

9 

D 

10 

T 

D 

C4 

D 

D 

11 

D 

T 

T 

D 

D 

7 

T 

D 

T 

D 

D 

15 

C5 

D 

D 

6 

D 

4 

T 

D 

D 

2 

T 

D 

12 

D 

D 

14 

D 

5 

T 

D 

0 

D 

D 

13 

1 

D 

D 

T 

D 

T 

8 

D 


NE = no error On = check bit n in error T = three errors detected 

Number = single data bit in error D = two bits in error 
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1 ^ DQO-15 ^ p ^ DQ16-31 f 



MODE CONTROLS 


FIGURE 5. 32-Bit Error Detection and Correction 


^ Refer to discussion in “Other Modes of 
Operation” under Clearing SIL 
* Connection sequence must be done 
according to Table VIII. 
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The parameter t^cp (see Figure 10b), mode change rec- 
ognized time, Is measured from M2 (changing from 
WRITE to READ) when both Ei and E2 become Invalid. 
This Is required when a memory correcting system 
employs the DP8400 with byte parity checking. The E1 
and E2 pins flag the byte parity error In a memory WRITE 
cycle. When the DP8400 switches to a subsequent mem- 
ory READ cycle, It requires t^cR for E1 and E2 to be 
switched to flag any READ error(s). 

EXPANDED OPERATION 
32-Bit Configuration 

Figure 5 shows how to connect two DP8400s In cascade to 
detect single and double-bit errors, and to correct single- 
data errors. The same circuit will also correct double-bit 
errors once a double-error has been detected, provided at 
least one error is a hard error. The lower chip L is in effect a 
slave to the higher chip H, which controls the memory 
check bits and error reporting. The check bit bus of L Is re- 
ordered and connected to the syndrome bus of H, as 
shown in Figure 5. 

In a Normal WRITE mode, referring to Figures 13a, 13b, and 
13c, the 6 check bits generated from the lower 16 bit s(CG L) 
are transferred via the COL to the COB of L, provided OLE is 
high and M2 (R/W) of L is low. These partial check bits from 
L then appear at SIL of H, so that with CSLE high, they com- 
bine with the 6 check bits generated in H with ^overlap of 
one bit, to produce 7 check bits. With M2 (R/W) of H low, 
these 7 check bits are output from COB to memory. 

A READ cycle may consist of DETECT ONLY or DETECT 
THEN CORRECT, depending on the system approach. In 
both approaches, L writes its partial check bits, CGL, to H 
as in WRITE mode. H develops the syndrome bits from 
CGL, CGH and the 7 check bits read from memory in CIL. H 
then outputs from its error encoder (EE) if there Is an error. If 
corrected data is required, H already knows If It has a 
single-data error from Its syndrome bits, but If not, it must 
transfer partial syndromes back to L These partial syn- 
dromes PSH, (CGH XOR-ed with CIL), are stored In SOL of 
H. L must therefore change modes from WRITE to READ, 
whil e H o utputs the partial syndromes from its SOB by set- 
ting OES low. The partial syndromes are fed into CIL of L 
and XOR-ed with CGL to produce syndrome bits at SGL 
The data error decoder, DED, then corrects the error In L. 
The DED of H will already have corrected an error in the 
higher 16 bits. Only one error in 32 bits can be corrected as a 
single-data error, the chip with no error does not change the 
contents of Its DIL when it is enabled in DOL. Table VI 
shows the 3 error flags of H, which become valid during the 
DETECT cycle. EOof Lbecomes valid during theCORRECT 
cycle, so that the 4 flags provide complete error reporting. 


TABLE Vi. ERROR FLAGS AFTER NORMAL READ 
(32-BIT CONFIGURATION) 


AE(H) 

El (H) 

E0(H) 

E0(L)* 

Error Type 

0 

0 

0 

0 

No error 

1 

1 

0 

0 

Single-check bit error 

1 

1 

1 

0 

Single-data bit error (H) 

1 

1 

0 

1 

Single-data bit error (L) 

1 

0 

0 

0 

Double-bit error 

All Others 

Invalid conditions 


* EO (L) is valid after transfer of partial syndromes from higher to lower 


Equations for 32-bit expansion: 

*00632 = *00616 + *80616 
*OEy32 = *00616 + *SEV16 

*00032 (High Chip) = tDC 616 + *S 0016 
*00032 (Low Chip) = tDC616 + * 6 R* + *00016 
*tBR: Ous reversing time (25 ns) 

32-Bit Matrix 

Table VII shows a 32-bit matrix using two DP8400s in cas- 
cade as in Figure 5. This is one of 12 matrices that work for 
32 bits. The matrix for bits 0 to 15 (lower chip) is the matrix 
of Table IV for 16-bit configuration, with row 6 always ‘O’. 
The matrix for bits 16 to 31 (higher chip) uses the same row 
combinations but interchanged, for example, the 3rd row 
(row 2) of L matrix is the same as the 6th row (row 5) of the 
H matrix. This means row 5 of H is in fact check bit 2 of H. 
Thus, the 6th row (row 5) combines generated check bit 5 
(CG5) of L and generated check bit 2 of H. Check bit 5 of L 
therefore connects to the syndrome bit 2 (CG2) of H, and 
the composite generated check bit is written to check bit 2 
of memory. Thus C2 performs a parity check on bits 0, 1, 2, 
4, 5, 6, 8, 12, 13, 14, of L, and bits 16, 19, 20, 24, 26, 28, 29, 30, 
31, of H. CG2 and CG3 generate odd parity, so that CG5 of 
L generates even parity which combines with CG2 of H 
generating odd parity. CG3 of L and CG3 of H both 
generate odd parity causing C3 to memory to represent 
even parity. Only 6 check bits are generated in each chip, 
the 7th (CG6) is always zero with XP grounded. Thus CG6 
of L combines with CGO of H so that CO to memory is the 
parity of bits 18, 19, 20, 21, 22, 23, 25, 26, 27, 29, 30, 31. 
Similarly C6 to memory is only CG2 of L. The 7 composite 
generated check bits of H can now be written to memory. 

When reading data and check bits from memory, CG6- 
CGO of L are combined with CG6-CG0 of H in the same 
combination as WRITE. Memory check bits are fed into 
C6-C0 of H and compared with the 7 combined parity bits 


TABLE VII. DATA BIT ERROR TO SYNDROME-GENERATE MATRIX (32-BIT CONFIGURATION) 


SYNDROMES 



3320232130012321 3146654534652767 1 


*CG2, CG3 generate odd parity 
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TABLE VIII. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 32 BITS 



S 


L 

C 

1 

H 

S 


H 

C 



SO 

0 


0 

1 


1 

CO 



SI 

1 


1 

5 


5 

Cl 


Syndrome I/O 

S2 

2 


2 

6 


6 

C2 

Check Bit I/O 

to 

S3 

3 


3 

3 


3 

C3 

to 

Management 

S4 

4 


4 

4 


4 

C4 

Memory 


S5 

5 


5 

2 


2 

C5 



S6 

6 


6 

0 


0 

C6 



TABLE IX. SYNDROME DECODE TO BIT IN ERROR FOR 32-BIT DATA WORD 




so 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

•1 

0 

1 

0 

1 

Syndrome 

SI 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

Bits 


S2 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 



S3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

S6 

S5 

S4 

















0 

0 

0 

NE 

CO 

Cl 

D' 

C2 

D 

D 

3 

C3 

D 

D 

9 

D 

10 

T 

D 

0 

0 

1 

C4 

D 

D 

11 

D 

T 

T 

D 

D 

7 

17 

D 

T 

D 

D 

15 

0 

1 

0 

C5 

D 

D 

6 

D 

4 

T 

D 

D 

2 

28 

D 

12 

D 

D 

14 

0 

1 

1 

D 

5 

16 

D 

0 

D 

D 

13 

1 

D 

D 

24 

D 

T 

8 

D 

1 

0 

0 

C6 

D 

D 

22 

D 

T 

T 

D 

D 

25 

18 

D 

T 

D 

• D 

T 

1 

0 

1 

D 

27 

21 

D 

T 

D 

D 

T 

23 

D 

D 

T 

D 

T 

T 

D 

1 

1 

0 

D 

19 

20 

D 

T 

D 

D 

T 

26 

D 

D 

30 

D 

T 

T 

D 

1 

1 

1 

T 

D 

D 

29 

D 

T 

T 

D 

D 

31 

T 

D 

T 

D 

D 

T 


NE = no error Cn = check bit n in error T = three errors detected 

Number = single data bit in error D = two bits in error 


in H, to produce 7 syndrome bits S6-S0. H can now deter- 
mine if there is any error, and if it has a single-data error, It 
can locate it and correct it without transferring partial syn- 
dromes to L. As an example of a DETECT cycle, CG5 of L 
combines with CG2 of H and is compared in H with mem- 
ory check bit 2. 

If L is now set to mode 4, Normal READ, and OES of H is 
set low, the partial syndromes of H (CG6-CG0 of H XOR-ed 
with C6-C0 of H) are transferred and shifted to L. L 
receives these partial syndromes (S6-S0 of H) as check bit 
inputs C2, C1, C4, C3, C5, CO, C6 respectively, and com- 
pares them with CG6-CG0 respectively, to produce syn- 
drome bits S6-S0. L now decodes these syndromes to cor- 
rect any single-data error in data bits 0 to 15. For example, 
partial syndrome bit 2 of H combines with generated 
check bit 5 of L to produce syndrome bit 5 in L. An error in 
data bit 10 will create syndrome bits in L as 0001 101 from 
S6-S0, and these will appear on S6-S0 of L with OES low. 
An error in H will appear as per the H matrix. For example, 
an error in bit 16 will cause S6-S0 of L to be 0110010. 

If OES of L is set low, this syndrome combination appears 
on pins S6 to SO. For errors in bits 0 to 15, the syndrome 
outputs will be according to Table VII. For errors in bits 16 
to 31, the syndrome outputs from L will still be according 
to Table VII due to the shifting of partial syndrome bits 
from H to L. The syndrome outputs from L are unique for 
each of the possible 32 bits in error. 

If there is a check bit error, only one syndrome bit will be 
high. For example, if C5 is in error, then SI of L will be high. 
For double-errors, an even number of syndrome bits will be 
high, derived from XOR-ing the two single-bit error syn- 
dromes. As mentioned previously, this is only one of the 12 
approaches to connecting two chips for 32 bits, 6 of which 
are mirror images. 


Table VIII depicts the exact connection for 32-bit expan- 
sion. LS equals syndrome bits of L. LC equals check bits of 
L. HS equals syndrome bits of H. HC equals check bits of 
H. Syndrome bits SO to S6 of L are connected to system 
syndrome bits SO to S6. LC and HS columns are lined 
together showing the check bit port of L connected to the 
syndrome port of H in the exact sequence as shown in 
Table VIII. For example, check bit CO of L is connected to 
the syndrome bit SI of H, and check bit C6 of L is con- 
nected to the syndrome bit SO of H. Check bits of H are 
connected to the system check bits in the order shown. 
Check bit Cl of H is connected to the system check bit CO. 



Expansion for Data Words Requiring 8 Check Bits 

For 16-bit and 32-blt configurations, XP is set permanently 
low. In 48-bit or 64-bit configurations, XP is either set per- 
manently to Vcc or left open, according to Table X, to pro- 
vide 8 check bits and syndrome bits. 


TABLE X. XP: EXPANSION STATUS 


XP 

Status 

Data Bus 

ov 

BPO and BP1 are byte parity I/O 
CG6 = 0 

<40 Bits 

Open 

No byte parity I/O, 

CG6 and CG7 = word parity 

>40 Bits 

Vcc 

No byte parity I/O, 

CG6andCG7 = 0 

>40 Bits 


48-Bit Expansion 

Three DP8400s are required for 48 bits, with the higher 
chip using all 8 of its check bits to the memory. No byte 
parity is available for 48 or 64 bits. XP of all three chips 
must be at Vqq. The three chips are connected in cascade 
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DP8400 





DP8400 


TABLE XI. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 48 BITS 



LL 

S 


LL 

C 

s 


LH 

C 

HL 

S 


HL 

C 


Syndrome I/O 
to 

Management 

50 

51 

52 

53 

54 

55 

56 

57 

0 

1 

2 

3 

4 

5 

6 

7 


0 

1 

2 

3 

4 

5 

6 

7 

1 

5 

6 

3 

4 

2 

0 

7 


1 

5 

6 

3 

4 

2 

0 

7 

6 

1 

4 

7 

2 

3 

5 

0 


6 

1 

4 

7 

2 

3 

5 

0 

CO 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

Check Bit I/O 
to 

Memory 


For example; SO of LL is connected to system syndrome SO. CO of LL is connected to SI of 
LH. C1 of LH is connected to S6 of HL C6 of HL is connected to system check bit CO. 


TABLE XII. SYNDROME DECODE TO BIT IN ERROR FOR 48 BIT DATA WORD 





so 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Syndrome 

S1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

Bits 



S2 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 




S3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

S7 S6 S5 S4 

















0 

0 

0 

0 

NE 

CO 

Cl 

D 

C2 

D 

D 

3 

C3 

D 

D 

9 

D 

10 

T 

D 

0 

0 

0 

1 

C4 

D 

D 

11 

D 

T 

T 

D 

D 

7 

17 

D 

T 

D 

D 

15 

0 

0 

1 

0 

C5 

D 

D 

6 

D 

4 

T 

D 

D 

2 

28 

D 

12 

D 

D 

14 

0 

0 

1 

1 

D 

5 

16 

D 

0 

D 

D 

13 

1 

D 

D 

24 

D 

T 

8 

D 

0 

1 

0 

0 

C6 

D 

D 

22 

D 

T 

T 

D 

D 

25 

18 

D 

T 

D 

D 

T 

0 

1 

0 

1 

D 

27 

21 

D 

32 

D 

D 

T 

23 

D 

D 

T 

D 

T 

T 

D 

0 

1 

1 

0 

D 

19 

20 

D 

33 

D 

D 

T 

26 

b 

D 

30 

D 

T 

T 

D 

0 

1 

1 

1 

44 

D 

D 

29 

D 

T 

40 

D 

D 

31 

T 

D 

T 

D 

D 

T 

1 

0 

0 

0 

C7 

D 

D 

T 

D 

T 

43 

D 

D 

T 

T 

D 

T 

D 

D 

T 

1 

0 

0 

1 

D 

T 

35 

D 

T 

D 

D 

T 

T 

D 

D 

T 

D ^ 

T 

T 

D 

1 

0 

1 

0 

D 

T 

41 

D 

39 

D 

D 

T 

T 

D 

D 

T 

D 

T 

T 

D 

1 

0 

1 

1 

42 

D 

D 

T 

D 

T 

47 

D 

D 

T 

T 

D 

T 

D 

D 

T 

1 

1 

0 

0 

D 

T 

38 

D 

37 

D 

D 

T 

T 

D 

D 

T 

D 

T 

T 

D 

1 

1 

0 

1 

36 

D 

D 

T 

D 

T 

45 

D 

D 

T 

T 

D 

T 

D 

D 

T 

1 

1 

1 

0 

34 

D 

D 

T 

D 

T 

T 

D 

D 

T 

T 

D 

T 

D 

“d“ 

T 

1 

1 

1 

1 

D 

T 

46 

D 

T 

D 

D 

T 

T 

D 

D 

T 

D 

T 

T 

D 


NE = no error Cn = check bit n in error T = three errors detected 

, Number = single data bit in error D = two bits in error 


as in Figure 6, but with the HH chip removed. The error 
flags are as Table XV, but with AE (HH) and E1 (HH) be- 
coming AE (HL) and E1 (HL), and EO (HH) removed. 

48-Bit Matrix 

The matrix for 48 bits is that for 64 bits shown (in Table XVI) 
but only using bits 0 to 47. This is one of many matrices for 
48-blt expansion using the basic 16-bit matrix. The matrix 
shown uses 2 zeroes for CG6 and CG7, for ail three chips, 
with XP set to Vcc- Other matrices may use CG6 and CG7 
as word parity with XP open. 

64-Bit Expansion 

There are two basic methods of expansion to 64 bits, both 
requiring 8 check bits to memory, and four DP8400S. One 
is the cascade method of Figure 6, requiring no extra 
ICs. With this method partial check bits have to be 
transferred through three chips in the WRITE or DETECT 
mode, and partial syndrome bits transferred back through 
three chips In CORRECT mode. This method Is similar to 
Figure 5, 32-bit approach. The connections between the 


check bit bus and syndrome bus for each of the chip pairs 
are shown in Table XIII. 

The error flags of HH are valid during the DETECT cycle as 
in Table XV, and the other error flags are valid during the 
CORRECT cycle. 

A faster method of 64-blt expansion shown in Figure 7 re- 
quires a few extra ICs, but can WRITE in 57 ns, DETECT in 
57 ns or DETECT THEN CORRECT in 116 ns. In the WRITE 
mode, all four sets of check bits are combined externally 
In the 8 74S280 parity generators. These generate 8 com- 
posite check bits from the system data, which are then 
enabled to memory. In the DETECT mode, again 8 com- 
posite check bits are generated, from the memory data 
this time, and compared with the memory check bits to 
produce 8 external syndrome bits. These syndrome bits 
may be OR-ed to deter mine if there is any error. By making 
the 74S280 outputs SYNDROMES, then any bit low 
causes the 74S30 NAND gate to go high, giving any error 
Indication. To correct the error, these syndrome bits are 
fed re-ordered into SIL of each DP8400 now set to mode 
7B. This enables the syndromes directly to SG and then 
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DED of each chip. One chip will output corrected data, 
while the other three output non-modified data (but still 
correct). 

Equations for fast 64-bit expansion: 

^DCB64 = ^DCB16 + ^pd (74S280) -f tp^ (74S240) 

^DEV64 = tocBie + tpd (74S280) + tp^ (74S30) 
tDCD64 = tocBie + tpd (74S280) -t- tpd (74ALS533) 

+ tscDie 


64-Bit Matrix 

With the 64-bit matrix shown in Table XVI, it is necessary 
to set at least one chip with CG6, CG7 non-zero. The 
highest chip, connected to data bits 48 to 63, has XP set 
open, so that its CG6 and CG7 are word parity. The syn- 
drome word of the highest chip will now have either 5 or 7 
syndrome bits high, but inside the chip CG6 and CG7 
remove two of these in a READ so that the chip sees the 
normal 3 or 5 syndrome bits. 


TABLE XIII. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 64 BITS 




LL 


LL 

LH 


LH 

HL 


HL 

— 

HH 


HH 





s 


c 

S 


C 

S 


C 

S 


C 




SO 

0 


0 

1 


1 

6 


6 

7 


7 

CO 



SI 

1 


1 

5 


5 

1 


1 

0 


0 

C1 


Syndrome I/O 
to 

Management 

52 

53 

2 

3 


2 

3 

6 

3 


6 

3 

4 

7 


4 

7 

1 

2 


1 

2 

CM CO 

o o 

Check Bit I/O 
to 

Memory 

54 

55 

4 

5 


4 

5 

4 

2 


4 

2 

2 

3 


2 

3 

3 

4 


3 

4 

C4 

C5 


S6 

6 


6 

0 


0 

5 


5 

5 


5 

C6 



S7 

7 


7 

7 


7 

0 


0 

6 


6 

C7 



For example: SO of LL is connected to system syndrome SO. CO of LL is connected to S1 of LH. Cl of LH is 
connected to S6 of HL C6 of HL is connected to S7 of HH. C7 of HH is connected to system check bit CO. 


TABLE XIV. SYNDROME DECODE TO BIT IN ERROR FOR 64-BIT DATA WORD 





so 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Syndrome 

S1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

Bits 



S2 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 




S3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

S7 

S6 

S5 

S4 

















0 

0 

0 

0 

NE 

CO 

Cl 

D 

C2 

D 

D 

3 

C3 

D 

D 

9 

D 

10 

T 

D 

0 

0 

0 

1 

C4 

D 

D 

11 

D 

T 

T 

D 

D 

7 

17 

D 

T 

D 

D 

15 

0 

0 

1 

0 

C5 

D 

D 

6 

D 

4 

T 

D 

D 

2 

28 

D 

12 

D 

D 

14 

0 

0 

1 

1 

D 

5 

16 

D 

0 

D 

D 

13 

1 

D 

D 

24 

D 

T 

8 

D 

0 

1 

0 

0 

C6 

D 

D 

22 

D 

T 

T 

D 

D 

25 

18 

D 

T 

D 

D 

T 

0 

1 

0 

1 

D 

27 

21 

D 

32 

D 

D 

T 

23 

D 

D 

T 

D 

T 

T 

D 

0 

1 

1 

0 

D 

19 

20 

D 

33 

D 

D 

T 

26 

D 

D 

30 

D 

T 

T 

D 

0 

1 

1 

1 

44 

D 

D 

29 

D 

T 

40 

D 

D 

31 

T 

D 

T 

D 

D 

T 

1 

0 

0 

0 

07 

D 

D 

T 

D 

T 

43 

D 

D 

T 

T 

D 

T 

D 

0 

51 

1 

0 

0 

1 

D 

T 

35 

D 

T 

D 

D 

57 

T 

D 

D 

58 

D 

T 

T 

D 

1 

0 

1 

0 

D 

T 

41 

D 

39 

D 

D 

59 1 

T 

D 

D 

T 

D 

T 

T 

D 

1 

0 

1 

1 

42 

D 

D 

55 

D 

T 

47 

D 

D 

T 

T 

D 

T 

D 

D 

63 

1 

1 

0 

0 

D 

T 

38 

D 

37 

D 

D 

54 

T 

D 

D 

52 

D 

T 

T 

D 

1 

1 

0 

1 

36 

D 

D 

50 

D 

T 

45 

D 

D 

60 

T 

D 

T 

D 

D 

62 

^ 1 

1 

1 

0 

34 

D 

D 

53 

D 

T 

T 

D 

D 

48 

T 

D 

T 

D 

D 

61 

1 

1 

1 

1 

D 

49 

46 

D 

T 

D 

D 

T 

T 

D 

D 

T 

D 

56 

T 

D 


NE = no error Cn = check bit n in error T = three errors detected 

Number = single data bit in error D = two bits in error 



TABLE XV. ERROR FLAGS AFTER NORMAL READ (ANY 64-BIT CONFIGURATION) 


AE(HH) 

E1 (HH) 

EO (HH) 

EO(HL) 

EO (LH) 

EO(LL) 

Error Type 

0 

0 

0 

0 

0 

0 

No error 

1 

1 

0 

0 

0 

0 

Single-check bit error 

1 

1 

1 

0 

0 

0 

Single-data bit error in HH 

1 

1 

0 

^ ! 

0 

0 

Single-data bit error in HL 

1 

1 

0 

0 

1 

0 

Single-data bit error in LH 

1 

1 

0 

0 

0 

1 

Single-data bit error in LL 

1 

0 

0 

0 

0 

0 

Double-error 
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t Refer to discussion in “Other Modes of 
Operation” under Clearing SIL 
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FIGURE 6. Cascade Expansion Using No Extra ICs (64-Bit Configuration) 


TABLE XVI. DATA BIT ERROR TO SYN DROME-GEN ERATE MATRIX (64-BIT CONFIGURATION) 


-LL- 


-HL- 


-HH- 


SYNDROMES 













1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 
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0 

0 

1 

T 

T 

T 

1 

1 

0 

1 

1 

1 

0 

1 

T 

1 

0 

~0 

’o’ 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 

~0 

0 

T 

’o 

"o 

’o’ 

'o 

~0 

’o' 

~0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

T 

1 

7 

1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

2 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 
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1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

3 

5 

1 

1 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

■0 

1 

0 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 
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1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

4 
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0 

0 

0 

0 

0 

0 

0 

0 
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OTHER MODES OF OPERATION 


Double Error Correction, using the Double-Complement 
Approach 

The DP8400 can be made to correct two errors, using no 
extra ICs or check bits, if at least one of the two errors 
detected is a hard error. This does require an extra memory 
WRITE and READ. Nevertheless, if a permanent failure ex- 
ists, and an additional error occurs (creating two errors), 
both errors can be corrected, thereby saving a system 
crash. 

Once a double error has been detected, the system puts 
the DP8400 in COMPLEMENT mode by setting MO high. 
First a WRITE cycle is required and M2 is set low, putting 
the chip in mode 1, Table III, (COMPLEMENT WRITE), so 
that the contents of DIL are complemented into POL, and 
the contents of CIL complemented into COL. OBO and 
OB1 are set low so that complemented data and check 
bits can be written back to the same location of memory. 
Writing back complemented data to a location with a hard 


error forces the error to repeat Itself. For example, if cell N 
of a particular location is jammed permanently high, and 
a low is written to it, a high will be read. However, when the 
data is complemented a low is again written, so that a high 
is read back for the second time. After a second 
READ (this second READ is a COMPLEMENT READ) of the 
location, data and check bits from the memory are re- 
complemented, so that bit N now contains a low. In other 
words, the error in bit N has corrected Itself, while the 
other bits are true again. If there are two hard errors In a 
location, both are automatically corrected and the DP8400 
detects no error on COMPLEMENT READ, as in Figure 8a. 
Figure 8b also shows that if one error is soft, the hard error 
will disappear on the second READ and the DP8400 cor- 
rects the soft error as a single-error. Therefore, in both 
cases, th e PO L c ontai ns corrected data, ready to be en- 
abled by OBO and OB1. A WRITE to memory at this stage 
removes the complemented data written at the start of the 
sequence. 


HARD ERRORS 

ORIGINAL DATA/CBs WRITTEN 
TO MEMORY 


2 DATA ERRORS 
INSERTED 


DATA/CBs READ 
FROM MEMORY 




COMPLEMENT DATA/CBs IN 
DP8400 INPUT LATCHES, 
WRITE BACK TO SAME 
LOCATION IN MEMORY 


READ BACK FROM SAME 
LOCATION IN MEMORY 


COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES 
AND COMPARE CBs 


0 110 


SAME 2 
DATA ERRORS 

W 

|l 0 1 o| 




MEMORY CBs 



2 ERRORS DETECTED 




CGW 


NO CHECK BIT 
ERRORS 


I I CGW 


SAME AS ORIGINAL 
DATA, SO SAME 
CBs GENERATED 



MODE 


> 5 


NUMBER OF 
COMPLEMENTS 


2 BY 0P8400 
2 BY MEMORY 


2 BY DP8400 
0 BY MEMORY 


EVEN 


EVEN 


SAME CHECK BITS, 

-NO ERROR DETECTED- 
INDICATING BOTH HARD ERRORS 
HAVE BEEN REMOVED 


EVEN NUMBER OF COMPLEMENTS 
CREATES SAME DATA AS ORIGINAL 


FIGURE 8a. Double Error Correct Complement Hard Error Method — 2 Hard Errors in Data Bits 
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HARD ERROR 

ORIGINAL DATA/CBs 
WRITTEN TO MEMORY 


DATA/CBs READ 
FROM MEMORY 


COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
WRITE BACK TO SAME 
LOCATION IN MEMORY 


READ BACK FROM 
SAME LOCATION 

COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
AND COMPARE CBs 


CORRECT SINGLE ERROR 
USING NORMAL DP8400 
PROCEDURE OF XOR-ING 
01 WITH DE 



FIGURE 8b. Double Error Correct Complement Hard Error Method — 1 Hard Error, 1 Soft Error In Data Bits 


The examples shown in Figures 8a and 8b are for 4 data 
bits. This approach will work for any number of data bits, 
but for simplicity these examples show how complement- 
ing twice corrects two errors in the data bits. The double 
COMPLEMENT approach also works for any two errors 
providing at least one is hard. In other words, pne data-bit 
error and one check bit error, or two check bit errors are 
also corrected if one or both are hard. At the end of the 
COMPLEMENT READ cycle, theerror flags indicate wheth- 
er the data was correctable or not, as shown in Table XVII. 
If both the errors were soft, then the data was not correct- 
able and the error flags Indicate this. 

This approach is ideal where double errors are rare but 
may occur. To avoid a system crash, a double-error detect 
now causes the system to enter a subroutine to set the 
DP8400 in.COMPLEMENT mode. This method is also use- 
ful in bulk-memory applications, where RAMs are used 
with known cell failures, and is applicable (n 16, 32, 48 or 
64-bit configurations. In the 16-bit configuration, modes 1 


and 5 of Table III are used. In the 32-bit expanded con- 
figuration, modes 1, 5 and 5 are used for the highest chip, 
and modes 3, 3 and 4 for the lower chip for WRITE, 
DETECT, and CORRECT. With the lower chip it is 
necessary to wrap around DOL (after latching its contents 
in mode 3), back to DIL and perform a Normal READ in 
mode 4 in the lower chip. 


TABLE XVII. ERROR FLAGS AFTER COMPLEMENT 
READ (MODE 5) 


AE 

E1 

EO 

Error Type 

0 

0 

0 

Two hard errors 

1 

1 

0 

One hard error, one soft check bit error 

1 . 

1 

1 

One hard error, one soft data bit error 

1 

0 

0 

Two soft errors, not corrected 
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Double-Error Correct with Error Logging 

Figures 4 and 5 show the syndrome port connected 
to an error management unit (EMU). This scheme stores 
syndromes and the address of locations that fail, thereby 
logging the errors. Subsequent errors In a memory loca- 
tion that has already stored syndromes In the EMU, can 
then be removed by Injecting the stored syndromes of the 
first error. To save the addresses and syndromes when 
power to the EMU is removed, it is necessary to be able to 
transfer information via the E^C^ syndrome port to the 
processor data bus. This is also useful for logging the er- 
rors in the processor. Transfer in the opposite direction is 
also necessary. 

Data Bus to Syndrome Bus Transfer 

This is necessary when transferring syndrome informa- 
tion to the error management unit, which Is connected to 
the external syndrome bus. First, data to make CG = 0 (all 
data bits high) must be latched in DIL. Then in mode 2, 
data is fed to CIL, XOR-ed with 0, and output via SOL with 
OES low to the syndrome bus. Data is therefore fed direct- 
ly from the system to the syndrome bus, and this cycle 
may be repeated as long as DLE is kept low, forcing CG to 
remain zero. 


Syndrome Bus to Data Bus Transfer 

This is important when Information in the error logger or 
error manageme nt uni t has to be rea d. The DP8 400 i s set 
to mode 6B with OES high, and with OBO, OB1 and OLE 
low. If CSLE is high, the syndrome bus and check bit bus 
data appear on the lower and upper bytes of the data bus 
to be read by the system. Also E1 and EO values that were 
valid when mode 6 was entered, appear on DQ7 and DQ15. 

Full Diagnostic Check of Memory 

Using mode 2, it is possible to transfer the upper byte of 
the data bus directly to the CIL, with CSLE high, without 
affecting DIL. These si mulat ed check bits then appear on 
the check bit bus with OLE low, which also causes the 
previousl y lat che d con tents of DIL to transfer to DOL. By 
enabling OBO and OB1 data can be written to memory with 
the simulated check bits. A Normal READ cycle can then 
aid the system in determining that the memory bits are 
functioning correctly, since the processor knows the 
check bits and data it sent to the E^C^. Another solution is 
to put the E^C^ in mode 6 and read the memory check bits 
directly back to the processor. 

Self-Test of the On-Card 

Again using mode 2, data written from the processor data 
bus upper byte to CIL may be stored Ih CIL, by taking CSLE 
low. Data can now be fed into DIL from the processor, with 
DLE set high, as in a Normal READ mode (mode 4). Pro- 
viding CSLE is kept low, the DP8400 will use the simulated 
check bits in CIL to perform a diagnostic READ, with valid 
error reporting and correcting. This may be repeated with 
new data provided CSLE is kept low. In this way memory is 
not used, thus by reading corrected data in mode 4, and by 
reading the generated syndromes, and error flags EO and 
E1, the DP8400 can be tested completely on-card without 
Involving memory. 


Monitoring Generated Syndromes 
and Memory Check Bits 

Mode 6A enables SG0-SG6 ont o DQ0-DQ 6, a nd C ILO- 
CIL6 onto DQ8-DQ14, provided OLE, OBO and OB1 are 
low. Also the two error flags, E1 and EO (latched from the 
previous READ mode), appear on DQ7 and DQ15. This may 
be used for checking the internal syndromes, for reading 
the memory check bits, or for diagnostics by checking the 
latched error flags. 

Clearing SIL 

In the 16-bit only configuration, or the lower chip of ex- 
panded configurations, and in various modes of operation 
in the higher expanded chips, it is required that SIL be 
maintained at zero. At powe r-up initialization, both SIL 
and DIL are reset to all low. If OES Is kept low, SIL will re- 
main reset becau se C SLE is inhibited to SIL. Another 
method Is to keep OLE always high and the syndrome bus 
externally set low, or set low whenever CSLE can be used 
to clear SIL. 

Mode 7A also forces the SIL to be cleared whenever CSLE 
occurs, and also these zero syndromes go to the internal 
syndrome bus SG. This puts the DP8400 in a PASS- 
THROUGH mode where the D IL contents pass to DOL and 
CIL contents to COL, if OLE is low. 

Power-Up Initialization of Memory 

Both SIL and DIL are reset low at power-up initialization. 
This facilitates writing all zeroes to,the memory data bits 
to set up the memory. The check bits corresponding to all- 
zero data will app ear o n the check bit bus if the DP8400 is 
set to mode 0 and O LE is set l ow. A ll-zero data appears on 
the data bus when OBO and OB1 are also set low. The 
system can now write zero-data and corresponding check 
bits to every memory location. 

Byte Writing 

Figure 14a shows the block diagram of a 16-bit memory 
correction system consisting of a DP8400 error correc- 
tion chip and a DP8409 DRAM controller chip. There are 
12 control signals associated with the interface. Six of 
the signals are standard DP8400 Input signals, three are 
standard DP8409 Input signals, and three are bu ffer 
control signals. The buffer control signals, PBUFO and 
PBUF1, control when data words or bytes from the 
DP8400/memory data bus are gated to the processor 
bus and when data words or bytes from the processor 
are gated to the bP84.00/memory data bus. 

When the processor is reading or writing bytes to mem- 
ory, words will always be read or written by the DP8400 
and DP8409 error correction and DRAM controller sec- 
tion. The High Byte Enable and Address Data Bit Zero 
signals from the processor should contr ol the byte 
transfe rs via the ocal bus transceiver s ignals P BUFO and 
PBUF1. The buffer control signal, DOUTB, controls 
when data from memory is gated onto the DP8400/ 
memory data bus. 

Figure 14b shows the timing relationships of the 12 con- 
trol signals, along with the DP8400/me mory dat a bu s 
and some of the D RAM control signals (RAS and CAS). 
RGCK Is the RAS generator clock of the DP8409 which 
is used in Mode 1 (Auto Refresh mode), along with being 
the system clock. 
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Having two separate byte enable pins, OBO and OB1, it 
is fairly easy to implement byte writing using the 
DP8400. First it is necessary to read from the location to 
which the byte Is to be written. To do this the DP8400 is 
put in normal Read mode (Mod e 4), which will d etect a nd 
correct a single bit error. WIN is kept high and RASIN is 
pulled low, causing the DP8409, now in Mode 5 (Auto Ac- 
cess mode), to start a read memory cycle. The data word 
and check bits from memory are then enabled onto the 
DP8400/memory data bus by pulling DOUtB lo w. The 
da ta an d check bits are valid on the bus after the RASIN 
to CAS time (tpAc) Plus the column access time (tcAc) of 
the particular memories used. DLE.CSLE can then be 
pulled low in order to latch the m emo ry data into the in- 
put latches of the DP8400. Next OLE can be pulled low 
to enable the corrected memory word, or the original 
memory word If no error was present, into the data out- 
put latches. The corrected memory word will be 
available at the data output latches “tpcoie” lifter the 
memory word was available at the data input latches. 
Once t he c orrected data is available at the output 
latches OLE can be pulled high to latch the corrected 
data. After this DLE,CSLE can be pulled high in o rder to 
^^able the input data latches again and DOUTB can be 
puffed high to disable the memory data from the 
DP^QO/memory data bus. 

There is no reason to use the data or check bit Input 
latches (DLE,CSLE) of the DP8400 during the read cycle 
time period if the memory data and checkbits are valid 
throughout the cycle. 

Now the DP8400 can be put into a write cycle (Mode 0 = 
M2 = Low). At this time the byte to be written to memory 
and the other byte from memor y can be enab led onto 
the DP 8400/memory data bus (OBO, PBUF1 or OB1, 
PBUFO go low). DLE,CSLE can now transition low to 
latch the n ew memory word into the data input latch. 
Next OLE is pulled low to enable the output latches. 
When the new checkbits are valid, tpcBie after the d ata 
word is valid on the DP8400/memory data bus, OLE and 
OLE can be pulled high to latch the n ew memory word 
into the output latches, and t hen WIN can be pulled low 
to write the data into memory. RASIN should be held low 
long enough to caus e the new data and check bits to be 
stored Into memory (WIN data hold time). 


DLE,CSLE and OLE could transition high and low simul- 
taneously Instead of being sequenced as was done in 
this example. 

Also a READ-MODIFY-WRITE cycle was performed, tak- 
ing approximately 30% longer than a normal memory 
WRITE cycle. A READ and then a WRITE memory cycle 
could have been used In the above example but it would 
have taken longer. 

Because data from the processor was valid at the same 
time as data from memory, memory buffers were used 
(PBUFO, PBUF1, DOUTB). 

A byte READ from memory is no different from a normal 
READ. This approach may be used for a 16-bit processor 
using byte writing, or an 8-bit processor using a 16-blt 
memory to reduce the memory percentage of check bits, 
or with memory word sizes greater than two bytes. 

Beyond Single-Error Correct 

With the advent of larger semiconductor memories, the 
frequency of the soft errors will increase. Also some 
memory system designers may prefer to buy less expen- 
sive memories with known cell, row or column failures, 
thus, more hard errors. All this means that double-error 
correct, triple-error detect capability, and beyond will 
become increasingly important. The DP8400 can correct 
two errors, provided one or both are hard errors, with no ex- 
tra components, using the double complement approach. 
There are two other approaches to enhance reliability and 
integrity. One is to use the error management unit to log er- 
rors using the syndrome bus, and then to output these syn- 
dromes, when required, back to the DP8400. 

Double Syndrome Decoding 

The other approach takes advantage of the Rotational 
Syndrome Word Generator matrix. This matrix is an 
improvement of the Modified Hamming-code, so that If, on 
a second DP8400, the data bus is shifted or rotated by one 
bit, and 2 errors occur, the syndromes for this second chip 
will be different from the first for any 2 bjts In error. Both 
chips together output a unique set of syndromes for any 2 
bits In error. This can be decoded to correct any 2-blt error. 
This Is not possible with other Modified Hamming-code 
matrices. 
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Operating Conditions 

Min Max Unit 

Vcc, Supply Voltage 4.75 5.25 V 

Ta, Ambient Temperature 0 70 *C 


Electrical Characteristics (Note 2) Vcc = sv ± 5%, Ta = 0”C to 70"C unless otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

— 

Typ 

Max 

Units 

V|L 

Input Low Threshold 




0.8 

V 

VlH 

Input High Threshold 


2.0 



V 

Vc 

Input Clamp Voltage 

Vcc “ Min, Ic “ “18 mA 


-0.8 

-1.5 

V 

i|H 

Input High Current 

V|n = 2.7V 


1 

160 


I|h(XP) 

Input High Current 

Vcc=IVIax, XP = 5.25V 


2.5 

3.6 

mA 

I|l(XP) 

Input Low Current 

Vcc = l^ax, XP = 0V 


-2.5 

-3.6 

mA 

Iil(BP0/C7) 

Input Low Current 

Vcc = Max, V|n = 0.5V 


-100.0 

-500 

fiA 

. I,l(BP1/S7) 

Input Low Current 

Vcc = Max, V,n = 0.5V 


-100.0 

-500 

fiA 

Iil(CSLE) 

Input Low Current 

Vcc = Max, V|N = 0.5V 


-150.0 

-750 

liA 

Iil(DLE) 

Input Low Current 

Vcc = Max, V,n = 0.5V 

I 

-200.0 

-1000 

liA 

l|L 

Input Low Current 

Vcc = Max, V|n = 0.5V 


-50.0 

-250 

fiA 

l| 

Input High Current (Max) 

V,n = 5.5V (Except XP Pin) 



1.0 

mA , 

VoL 

Output Low Voltage 

Iol = 8 mA (Except BPO, BP1) 


0.3 

0.5 

V 



loL = 4mA(BP0, BP1 Only) 


0.3 

0.5 

V 

VOH 

Output High Voltage 

Iqh = —100 fiA 

2.7 

3.2. 


V 



•oh = 

2.4 

3.0 


V 

•os 

Output Short Current 
(Note 3) 

Vcc = Max 


-55 

-100 

mA 

•cc 

Supply Current 

Vcc = Max 


340 

410 

mA 

ClN (I/O) 

Input Capacitance All 
Bidirectional Pins 

Note 4 


8.0 


PF 

C|N 

Input Capacitance Ail 
Unidirectional Input pins 

Note 4 


5.0 


pF 


Note 1: "Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All.typical values are for Ta = 25®C and Vqq = 5.0V. 

Note 3: Only one output at a time should be shorted. 

Note 4: Input capacitance is guaranteed by periodic testing. F test = 10 kHz at 300 mV, Ta = 25‘’C. 

Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude OV to 3V, tr = tf = 2.5 ns. 


Absolute Maximum Ratings (Note i) 

Storage Temperature Range - 65®C to + 150‘’C 

Supply Voltage, Vcc 7V 

Input Voltage 5.5V 

Output Sink Current 50 mA 

Maximum Power Dissipation* at 25®C 
Molded Package 3269mW 

Lead Temperature (Soldering, 10 seconds) 300*C 

•Derate molded package 26.2mW/'’C above 25 “C. 
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DP8400-4 Switching Characteristics (Note 5) 

^cc = 5.0V ± 5%, Ta = 0“C to 70*0, Cl = 50 pF, unless otherwise noted. 


Symbol 


Data Input Valid to 
Check Bit Valid 

Data Input to Any 
Error Valid 

Data Input Valid to 
Corrected Data Valid 

Data Input Set-Up Time 
Before DLE, CSLE H to L 

Data Input Hold Time 
After DLE, CSLE H to L 

Data In put S et-Up Time 
Before OLE L to H 

Data Input Hold Time 
After OLE L to H 

EO Valid After AE Valid 
E1 Valid After AE Valid 

DLE, CSLE High to Any 
Error Flag Valid (Input 
Data Previously Valid) 

DLE, CSLE High to Any 
Error Flag Invalid 

DLE, CSLE High Width to 
Guarantee Valid Data 
Latched 

OLE Low Width to 
Guarantee Valid Data 
Latched 

High Impedance to Logic 
1 from Om, OBi, OES 
M2 H to L 

Logic 1 to High 

Impedance from OBO, 

OES, M2 L to H 

High I mped a nce to Logic 
0 from OBO, OBI, OES 
M2 H to L 

Logic 0 to High 

Impedance from OBO, 

OBi, OES, M2HtoL 

Byte Parity Input Valid 
to Parity Error Flags Valid 

Data In Valid to Parity 
Error Flags Valid 

Data in Valid to Byte 
Parity Output Valid 

Mode Change Recognize 


Conditions 

Figure 9b 

Figures 10b, 11b 

Figure 10b, OBO, OBI Low 

Figures 10b, 13d 

Figures 10b, 13d 

Figure 10b 

Figure 10b 

Figures 9b, 10b, 13d 
Figures 9b, 10b, 13d 
Figure 10b 

Figures 9b, 10b 

Figures 10b, 13d DLE 
CSLE 

Figure 13d 

Figures 9b, 10b 

Figure 13d 
Figures 9b, 10b, 13d, 

Cl = 15pF 

Figures 9b, 10b 

Figure 13d 
Figures 9b, 10b, 13d 
Cl=15pF 

Figure 9b 

Figures 9b, 13d 

Figure 9b 

Figures 9b, 10b 
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DP8400-4 Switching Characteristics (Continued) (Note 5) 

Vcc = 5.0V ± 5% , Ta = OX to 70X, Cl= 50 pF, unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tNMR 

New Mode Recognize 

Time 

Figure 10b 


60 

100 

ns 

tcDV 

Mode Valid to 

Complement Data Valid 

Figure 11b 


55 

72 

ns 

tccv 

Mode Valid to 

Complement Check Bit 

Valid 

Figure 11b 


55 

72 

ns 

tsCB 

Syndrome Input Valid to 
Check Bit Valid 

Figure 13d 


28 

41 

ns 

tSEV 

Syndrome Input Valid 
(CGL) to Any Error Valid 

Figure 13d 


25 

39 

ns 

tsCD 

Syndrome Inputs Valid to 
Corrected Data Valid 

Figure 13d 


55 

75 

ns 

toSB 

Data Input Valid to 
Syndrome Bus Valid 

Figure 13d, OES Low 


45 

58 

ns 

tcSB 

Check Bit Inputs Valid 
to Syndrome Bus Valid 

Figure 13d, OES Low 


40 

51 

ns 

tCEV 

Check Bit Inputs Valid 
(PSH) to Any Error Valid 

Figure 13d 


35 

45 

ns 

^CCD 

Check Bit Input Valid 
(PSH) to Corrected Data 
Valid 

Figure 13d 


70 

82 

ns 

tDCB32 

Data Input Valid to Check 
Bit Valid 

Figure 13d 


63 

96 

ns 

tDEV32 

Data Input Valid to Any 

Error Valid 

Figure 13d 


60 

94 

ns 

tDCD32 

Data Input Valid to. 
Corrected Data Out 

Figure 13d, OBO, OB1 Low 


125 

157 

ns 


Note 1 : “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All typical values are for T^ = 25'’C and Vcc = 5.0V. 

Note 3: Only one output at a time should be shorted. 

Note 4: Input capacitance is guaranteed t>y periodic testing. F test = 10 kHz at 300 mV, T^ = 25°C. 

Note 5: Ali switching pararheters measured from 1.5V of input to 1.5V of output. Input pulse amplitude OV to 3V, t|. = tf = 2.5 ns. 
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FIGURE 9a. DP8400 16-Bit Configuration, Normal WRITE with Byte Parity Error Detect if Required 


NORMAL READ-MONITOR ONLY 


1 

ENABLE SYSTEM DATA | 

J\ [ 






WHITE SYSTEM 
DATA AND 
E^C^CBs 






ENTER PROCESSOR DATA 

01 




\ ^ ^ 

y ALLOW GEN“ CB THRU COL ^ 


INPUTS/OUTPUTS 


BP0/BP1 - 


H tzx h- 


BYTE PARITY FROM SYSTEM 

■- J . 

SYSTEM DATA 

1 

GEN“ CHECK BITS 


W/////h byteparity 

h-t0BP--i 


FIGURE 9b. DP8400 16-Bit Configuration, Normal WRITE and Normal READ Timing Diagram 
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FIGURE 10a. DP8400 16’Bit Configuration, Normal READ — Detect Error (And Correct if Required — ) 



Note 1: If rewriting correct data and CBs to same location and single data error was detected. 

Note 2: If rewriting correct data and CBs to same location and single check bit error was detected. 


FIGURE 10b. DP8400 16-Bit Configuration, DETECT THEN CORRECT Timing Diagram 













FIGURE 11a. DR8400 16-Bit Configuration, COMPLEMENT WRITE 


TO REMOVE COMPL IN 

WRITE BACK Dl. Cl READ DM, CM FROM MEMORY, WRITE BACK 
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Note 3: If rewriting corrected data and CBs back to same location and 1 soft data bit error was detected. 

Note 4: If rewriting corrected data and CBs back to same location and 2 hard errors or 1 soft check bit was detected. 


FIGURE 11b. DP8400 16-Bit Configuration, Detect 2 Errors, COMPLEMENT WRITE, COMPLEMENT READ, Output Corrected 
Data Timing Diagram 
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FIGURE 13c. DP8400 32-Bit Configuration, READ Correct Data 
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Note 5: If rewriting corrected data and CBs back to same location and single data error was detected. 

Note 6: If rewriting corrected data and CBs back to same location and single check bit error was detected. 


FIGURE 13d. DP8400 32-811 Configuration, WRITE, DETECT and CORRECT Timing Diagram 
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FIGURE 148. DP8400/8409 System Interface Block Diagram (See Figure 14b for Byte Write Control Timing) 
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FIGURE 14b. DP8400 16-Bit Configuration, Byte Write Timing 
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Basic Operation of the DP8400 

Introducing error correction capabilities to a memory 
incurs some penalties— extra memory, additional ac- 
cess times, and extra control circuitry. The DP8400 has 
been designed to minimize the last two, and for some 
data word widths, less extra memory Is required than for 
other error correction circuits. 

In systems using error correction, extra memory is 
needed for check bits, which are merely parity bits, each 
derived from different combinations of the data bits. If a 
single error does occur, the error correction circuit can 
determine which bit is in error and then complement that 
bit, to re-create the original data word. As the memory 
data word widens, the ratio of check bits to memory data 
bits is reduced. As a rough guide, starting with four data 
bits and four check bits, one additional check bit is 
required each time the data word doubles. 

A circuit diagram of how the DP8400 generates the 
check bits in a write cycle and corrects errors in a read 
cycle is shown in Figure 1a, which uses four data bits 
and four check bits. A 4-bit example is shown In Figure 
1b. in a write cycle, the data input latch, DIL, receives the 
system data and generates four parity bits or check bits, 
which pass through the check bit output latch, COL, and 
buffer, to be written to the selected memory location 
with the system data. This delays every write cycle, but 
fortunately the DP8400 takes only 30 ns extra to generate 
the (six) check bits. When this location is subsequently 
read, the four memory data bits pass through DIL to 
generate four new checks bits. The four memory check 
bits pass through the check bit input latch, CIL, and are 


fed into four ExclusIve-OR gates with the four generated 
check bits. The outputs of these gates are called 
syndrome bits, and obviously, if there are no errors, the 
two sets of check bits will be the same and no syndrome 
bits will go high. If there is an error in the check bits, only 
the corresponding syndrome bit will go high; In this case 
the data bits are still correct. If one of the data bits is In 
error, three syndrome bits will go high (in the case of 
DP8400, three or five will go high), and the syndrome 
word Is unique for any of the bits in error. The four AND- 
gates decode which bit is in error and complement it out 
of the second set of Exclusive-OR gates. The other three 
output bits remain the same as the Input bits, so the 
corrected word is now available to the system. 


GENERATE CBs, 
WRITE TO MEMORY 


READ FROM 

MEMORY '■ 

GENERATE SYNDROMES 


DIeDE 


DATA GENERATED CB MEMORY CB 

32T0 3210 3210 

0 1 0 1 l - H » 1 » i1 — 

ERROR IN ' NO ERROR 

01 1 r DATA BIT 2 

0 0 0 1 I 1^1 1 1 0 0 10 1 

I 1 0 1 1 I ERROR DETECTED 

DE ^^:-^SINGLE ERROR 
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Figure 1b. Example of Single Error Correction 
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Figure 2a. DP8400 Read From Memory Cycle 
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Figure 2a. DP8400 Write to Memory Cycle 
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In the case of the DP8400 with 16 data bits and 6 check 
bits, there are 16 AND-gates to decode the 6 syndrome 
bits to determine the data bit in error. Table 1 shows the 
DP8400 matrix, called a Nelson Code, which has some 
unique features concerned with double soft error correc- 
tion. For the purposes of this description, the matrix may 
be considered to be a form of Modified Hamming Code. 
The matrix has two functions: horizontally it tells us the 
value of the generated check bits for any data word when 
writing to memory, and vertically It tells us the syndrome 
word for any data bit in error. In a write cycle to memory, 
a ‘V in any row Indicates that the data bit in that column 
helps generate the parity bit in that row. For example, 
check bit 1 checks the parity of data bits 3, 6, 8, 9, 11, 13, 
14 and 15, and generate? even parity for those data bits. 
In a read cycle from memory, three or five of the six syn- 
drome bits will go high for a single data bit error, and the 
columns represent the syndrome word, so the data bit in 
error Is the number at the top of the column for that syn- 
drome word. The 16 AND-gates each decode one of the 
16 syndrome words shown in the columns of Table 1, to 
locate the error. If there is a data bit error, one of the out- 
puts of the 16 AND-gates will go high, to complement the 
data bit in error. 

If two errors have occurred, the syndrome word is simply 
the ExclusIve-OR of the syndrome words of the two indi- 
vidual bits in error, whether data or check bits, and is 
always even parity. First, if two check bits are in error, 
the corresponding two syndrome bits will go high. Se- 
cond, for one data bit and one check bit error, then either 
two, four or six syndrome bits will go high. Finally, if two 
data bits are In error, again two, four or six syndrome bits 
go high. Thus a parity check on the syndromes will indi- 
cate any two errors. This is important because if we 
know there are two errors, the DP8400 can attempt to 
correct them. The third error flag, El, Is the parity of the 
syndrome bus and check bit error. The DP8400 provides 
three error flags AE (Any Error), EO and El, as shown in 
Table 2, so that the exact nature of the error can be 
determined. 

Configuration and Controi of the DP8400 

The DP8400 has a 16-bit data I/O port and an 8-bit check 
bit I/O port (6 bits used with 16 data bits) for applications 
with memories used with 16-bit microprocessors. The 
16-bit data I/O port sits on the memory data bus, and the 
6 check bit I/O port connects directly to the check bit 
section of memory. In other words, each memory loca- 
tion now contains 16 data bits with 6 check bits. The 
DP8400 is expandable to beyond 80 data bits, each addi- 
tional 16 data bits requiring an additional DP8400 with- 
out the need for extra logic circuitry. 32-bit wide memory 
busses are also a popular width for minicomputers. In 
addition, .16-bit microprocessor systems may use 32-bit 
memory, because this larger memory data width requires 
only 7 check bits, a lower percentage overhead of check 
bits to data bits. 

Figures 2a and 2b show a simplified block diagram of 
the DP8400 with its control signals. The numerous con- 
trol signals provide ease of use in the many varied appli- 
cations of this c hip. T here are three latch enable signals 
DLE, CSLE and OLE. Whenever DLE Is high, data on the 
data I/O port DO-15 Is entered into the data input latch 
DIL, and is latched In as DLE goes low. This allows 
either processor or memory data to be present on the 


data bus for only 3ns prior to, and held over for 10ns 
after DLE goes low. The data can then be removed If de- 
sired. Similarly, CSLE, when high, allows check bits on 
the check bit I/O port and external data on the syndrome 
I/O port to enter the check bit and syndrome Input 
latches (OIL and SIL), respectively. The se ar e latched In 
as CSLE goes low. (In 16-blt operation, OES, Output En- 
able Syndromes, will be set low permanently. Inhibiting 
CSLE to SIL, which remains in the power-up reset condi- 
tion so that It does not affect the simplified block dia- 
gram.) OLE, when set low, allows internal Information 
into the data and check bit output l atche s (and the 
syndrome output latch, not shown). As OLE goes high, 
this Information becomes latch ed. F or some less com- 
plex designs, DL E, CS LE and OLE may be linked to- 
gether. Providi ng OL E w as lo w to allow corrected data 
into DOL, then OBO and OBI, when set low, enable the 
two data output buffers to present corrected data to the 
system. Data Is enabled or disabled within 15ns of 
these inputs going low or high, respectively. 

The DP8400 has three mode pins, M2, Ml and MO, which 
offer eight major modes of operation, designated 0 to 7. 
The most Important two are Normal Write and Normal 
Read, a nd for these Ml and MO are set low. M2 Is READ/ 
WRITE so Normal Write is mode 0 and Normal Read is 
mode 4. Other modes are used for the Double Comple- 
ment Correct approach (Modes 1, 3 and 5) and for diag- 
nostics (Modes 2 and 6). Mode 7 Is used when expanded 
to more than 16 data bits and fast correction times are 
required. 

Normal Operation With a 16 Data Bit Memory 

The basic requirements for normal operation of the 
DP8400 are that It generate check bits, detect errors and 
correct them with minimum delays, and that it be easy 
to use. In normal operation Ml and MO are set low. 
Figure 2a shows how the DP8400 generates check bits 
when writing data to memory. DLE may be kept high, 
OLE low, CSLE low, and M2 low so that the DP8400 is In 
Mode 0. System data is presented to the data I/O port on 
pins DO-15, ahd enters DIL, where it connects to the 
check bit generator CG. The six generated check bits 
pass through COL and are enabled (with M2 low) onto 
the check bit I/O port. The six generated check bits will 
appear 30 ns after the 16 data bits are presented to the 
data I/O port. A write to memory will now store the 16 
data bits and 6 corresponding check bits in the selected 
location of memory. The write cycle is therefore slowed 
down by 30ns, which in most memory systems is not 
significant. 

Figure 2b shows the paths when reading from memory, 
with DLE set high to enter the memory data bits into 
DIL, and CSLE also set high to enter memory check bits 
into CIL. M2 is set high so that the DP8400 Is In Mode 4. 
The Any Error flag, AF, becomes valid 35ns after 
memory data and check bits are valid. Error flags El and 
EO becohfie valid approximately 15 ns later. Thus, if AE is 
low, no further operations are necessary. For fast 16-bit 
microprocessor systems. It may be necessary to Intro- 
duce a wait state every read cycle to first determine if 
an error exists. If no error is detected the wait state is 
removed and the read cycle continues. 

If an error is detected, then the error flags El and EO 
must be examined to determine the required action. If 
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the error is a single data bit error, DOL will by now con- 
tain corrected data. If there is no check bit error, then 
COL, which follows CIL when in M ode 4 , now contains 
the original check bits. By taking OLE high, corrected 
data bits are latched in DOL, and correct chec k bi ts in 
COL. The memory is now disabled, so that OBO and OB1 
can be set low to enable corrected data onto the data 
bus, and M2 set low to enable the contents of COL onto 
the check bit bus. A write to the same location of mem- 
ory will therefore remove the data bit error if it was a 
soft error. The microprocessor can read the corrected 
data once the wait signal is removed. 

If the error is a single check bit error, DLE should be set 
low. DOL contains the contents of DIL, st iil co rrect data . 
Memory can now be disabled so that OBO and OB1, 
when set low, output correct data, and M2 when set low, 
allows the generated check bits from DIL to be output 
on the check bit I/O port. A write to the same location of 
memory will remove the check bit error if it was a soft 
error. The microprocessor now reads this correct data 
when the wait signal is removed. If a double bit error Is 
detected, then other approaches may be taken, as des- 
cribed In the data sheet and later in this application 
note. 

The primary features of the DP8400 are discussed in the 
data sheet; there are, however, a number of other 
features that become very useful once a designer 
becomes acquainted with error correcting techniques. 


These include: expansion beyond 16 data bits, diagnos- 
tic routines, error logging (allowing some double error 
correction), and a novel approach offering fast correc- 
tion of any double error. This application note discusses 
how the DP8400 has been designed to function in all of 
these applications, making it the most versatile and 
comprehensive error correction chip available. 


Error Checking and Correcting for Wider-Than- 
16-Bits Data Widths 

At present, most 16-bit microprocessor systems use a 
16-bit wide main memory, partly for simplicity, and also 
because main memories, in general, have not become 
large enough in size to justify otherwise. The data sheet 
shows how to accomplish this with one DP8400, utilizing 
the matrix of Table 1. It is fairly easy to use a memory of 
twice the microprocessor data width to reduce total chip 
count when Incorporating error correction capability. 
One example would be a complex 8-blt microprocessor 
using large main memory. If the memory data width is 
kept at eight bits, then five check bits are required for 
error correction for each byte of data. If four banks of 
memory are required, each bank comprising 13 chips, 
then 52 total memory chips are required and only 62% of 
the memory is used for system data. If the memory data 
width Is Increased to 16 bits for the same micropro- 
cessor-based system, then six check bits are required. 
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The memory now comprises two banks each of 22 chips, 
totaling 44 memory chips — a savings of eight memory 
chips. This saving is offset somewhat by the need to 
incorporate byte-writing capability, which does require 
extra components and slows down the memory write 
cycle. One DP8400 is still needed, using all 16 bits, and 
two bidirectional buffers are also required. 

As a second example, using a 16-bit microprocessor 
with a memory of eight banks, each comprising 16 bits of 
data and six check bits, the total Is 8 x 22 or 176 memory 
chips. Once the memory Is widened to 32 data bits with 
seven check bits, only four banks are required, and the 
total number of memory chips reduces to 4x39, or 
156 — a savings of 20 memory chips. This is offset a little 
by the fact that an extra DP8400 is required, and slightly 
slower memory write and read cycles are necessary. In 
some cases, therefore, widening the memory data bus 
becomes more practical for larger memories. 

Saving memory chips is just one reason why there is a 
need to be able to expand the DP8400 beyond 16 data 
bits. Most minicomputers now use 32-bit wide data 
busses, and soon there will be some 32-bit microproces- 
sors. Other systems use 24 bits, 48 bits, 52 bits, 64 bits or 
a variety of other data widths. The DP8400 has been con- 
figured to be expandable to any data width, even beyond 
80 bits, merely by inserting an additional DP8400 for 
each 16-bit increment in memory data. 

A section of the chip shown in the data sheet Block 
Diagram comprises the syndrome Input and output 
latches, SIL and SOL, and a dedicated syndrome I/O 
port. This port has a number of uses not normally needed 
in simple 16-bit single error correction applications. 


One use of this syndrome port Is for data widths wider 
than 16 bits. Only one DP8400 is required with 16 data 
bits or less, but if a system uses more than 16 memory 
data bits, additional DP8400s are required. For example, 
two DP8400S, one with its 16-bit data port connected to 
the lower word, and the other to the higher word, can be 
configured to generate check bits, and detect and cor- 
rect errors for a 32-bit memory as shown in Figure 3. For 
writing to memory, both chips will still generate six 
check bits from the two words of 16 bits. But with more 
than 26 total data bits, seven check bits are required. 
Therefore, It is necessary to combine the two sets of 
check bits to produce seven composite check bits to be 
written to memory as shown in the flow path depicted In 
Figure 4a. This Is achieved by outputting the six gener- 
ated check bits from the lower word DP8400 (designated 
L), and Inputting them to H, the higher word DP8400. The 
syndrome port of H is available to receive these check 
bits from L, to be loaded into SIL of H, provided CSLE is 
high. The six outputs from SIL combine with the six 
check bits generated in H to create seven composite 
check bits, and this 7-bit combination is output on the 
check bit port to the memory check bits. Table 2 shows 
one of twelve possible ways to combine the two sets of 
check bits. Note that the lower word matrix for bits 0 and 
15 is identical to Table 1 with the addition of all “0”s for 
the seventh check bit. The higher word matrix for bits 16 
to 31 uses the same rows but in a different order, imply- 
ing that the check bits from L must be cross-connected 
to H. For example, memory check bit 5 is generated from 
check bit 1 of L and check bit 5 of H. Both chips are 
therefore set to normal write mode when generating 
check bits. 



Figure 4a. 32-Bit Configuration, Error-Correct Flow Path 
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When reading from memory, the two chips first need to 
detect for an error. Figure 4b shows the flow path through 
the chips. L Is set to normal write mode and H to normal 
read mode. Memory data is supplied to both chips so 
that L generates six check bits from the lower word data 
bits, and feeds them to SIL of H, the same as for writing. 
H also generates Its own check bits which combine with 
those from L, and these seven composite check bits are 
compared with the seven memory check bits fed into CIL 
of H. This combining, plus comparison of check bits, is 
equivsdent to seven 3-input ExclusIve-OR gates. The out- 
put of these Exclusive-OR gates are the seven syndrome 
bits, and these can be decoded to determine the type of 
error. First, if there is no error, error flag AE of H will 
remai n ina ctive because memory data is correct, pro- 
vided OLE Is kept low, and DOL of both L and H will 
contain correct data. Second, if there is a memory check 
bit error, only one of the seven syndromes will go high 
and the three error flags of H will indicate a check bit 
error as i n Tab le 3. Note that memory data is still correct, 
and with OLE low, DOL of both L and H contain correct 
data. Third, if there is a single data error in bits 16-31 , the 
syndromes of H are such that the data error locator will 
locate the error and correct it, so again DOL of both L 
and H contain correct data. This is because the seventh 
syndrome bit is low for an error in the higher word, so 
that we have a six syndrome bit word as In Table 1 , to be 
decoded as normal to correct the error. In each of these 
three cases, DOL of both L and H contained correct data, 
and the common condition for these Is either that AE(H) 
is “0”, or E1(H) is “1”. 

The fourth case is more complex. In the previous three 
cases, correct data has been available In both DOL 
about 50ns after memory data became valid. Now with a 


single data error in bits 0-15, AE(H) is a “1”, EI(H) a “1”, 
and EO(H) a “0”, but L does not have sufficient 
information to locate the error. It is first necessary to 
feed back the partially generated syndromes of H back 
to L, and this Is achieved by reversing the direction of the 
common bus. First L is placed in normal read mode so 
that L’s generated check bits become disabled. Next, 
the part ial sy ndromes in H are enabled. onto the bus by 
setting OES of H low, so that Its syndrome I/O port out- 
puts the combined Exclusive-OR of CG(H) and CIL(H), 
which is transferred to CIL of L. These partial syndromes 
then combine with CG(L) to generate valid syndrome bits 
in L, demonstrated by the flow path of Figure 4c. If there 
is, in fact, a data bit error In bits 0-15, the seventh syn- 
drome bit will go low, allowing the remaining six bits to be 
decoded to locate the error as per the columns of Table 2. 
This switching around of the common bus, therefore, 
takes more time to correct the error in L, equivalent to a 
total time of approximately 100 ns. The fifth kind of error is 
identified as a double error. In this case, the error flags 
indicate the double error and the system can take the 
necessary action. 

A logical approach when using two DP8400s would be to 
first see if there Is any need to reverse the common bus 
by monitoring AE(H), and when it is lo w, to o utput 
directly from DOL of both chips by setting OBO and OBI 
of each low. The System Data Valid flag should be set 
active at this time. If the AE(H) output Is high and the 
error flags do not indicate a double error, then the com- 
mon bus should be switched around and the System Data 
Valid signal set true. If the error is a double error, the 
user may utilize a number of alternatives, including the 
Double Complement Correct method. 



Figure 4b. 32-Bit Configuration, Detect Fiow Path 
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'*CQ2, CG3 generate odd parity. 



Figure 4c. 32-Blt Configuration, Write Flow Path 
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Table 3. Error Flags After Normal Read 
(32-Bit Configuration) 


AE(H) 

E1 (H) 

E0(H) 

E0(L)* 

Error Type 

0 

0 

0 

0 

No error 

1 

1 

0 

0 

Single check bit error 

1 

1 

1 

0 

Single data bit error (H) 

1 

1 

0 

1 

Single data bit error (L) 

1 

0 

0 

0 

Double bit error 


All Others 


Invalid conditions 


*E0 (L) is valid after transfer of partial syndromes from higher to lower. 


This approach to wider data width error detection and cor- 
rection is termed the cascade configuration, and it 
requires oniy the one additional DP8400. The cascade 
approach can be used with up to five DP8400s controlling 
80 data bits. The advantage is that oniy one additional 
DP8400 is required per 16 data bits, although write and 
read times become progressively slower as the number of 
DP8400S is increased. This is because of the time taken 
for the generated check bits to ripple through from the 
lowest to highest chips when writing and detecting, and 
then ripple back the other way for correcting. 

In many memory systems, speed is of utmost importance 
and for faster systems. It is possible to connect the 
DP8400S in a parallel configuration using additional ICs. 
Application Note AN-308 describes this approach in 
detail. 

The user may, therefore, select one of these approaches 
(or a combination of both) for systems using memory data 
widths of more than 16 bits. 

Diagnostic Capabilities of the DP8400 

The DP8400 has been designed with system fault diag- 
nosis In mind, in fact, it is possible under microprocessor 
control with the DP8400 In situ on the memory board to 
fully test every gate Inside the DP8400 activated in normal 
operation, and also to diagnose all memory check bits. 
The DP8400 has two main diagnostic modes — modes 2 
and 6. In other words, with M1 set high and MO set low, 
information can be written to or read from the chip. 

Mode 6 allows the memory check bits to be read onto the 
higher byte bits 8-14, and syndromes to be read on the 
lower byte bits 0-6, as shown in Figure 5a. The remain- 
ing two bits, 7 and 15, are the error flags El and EO that 
were valid when mode 6 was entered. The syn drom e bits 
will be the Internally generated syndromes if OES is low 
(mode 6A) , or e xternal syndromes input on the syndrome 
I/O port if OES Is high (mode 6B). The external syndromes 
could be obtained from an error logger/syndrome injector 
unit— this is an. error logger with the capability of 
Injecting syndromes back to the DP8400. Therefore, by 
being able to read the externally stored syndromes, the 
microprocessor can monitor or store the syndromes 
whenever needed. 

Mode 2 transfers system data from the higher byte into 
CIL, instead of DIL, to simulate check bits. This can be 
used in three ways. First, as shown in Figure 5b, the 
simulated check bits can be latched in CIL by taking 
CSLE low. If the DP8400 is now set to normal read, mode 
4, and new data is presented then, provided DLE is high 


and CSLE Is kept low, the DP8400 will perform a normal 
read operation as if It were reading memory check bits. 
The results of this simulated read may be checked by 
enabling DOL to see if an error (if inserted) was corrected. 
Or as a further check, by entering mode 6, the predicted 
generated syndromes and error flags may be checked. 
Second, also while in mode 2, the simulated check bits 
appear at the check bit port (from the data bus higher 
byte) available to be written to t he ch eck bit portion of 
memory as shown in Figure 4c. OLE is set high before 
the original simulated check bits are removed and then 
memory data is subsequently placed on the data bus. A 
write to memory will now write known data and simu- 
lated check bits to the selected location. By writing known 
data to the memory check bits in mode 2, and then read- 
ing the memory check bits In mode 6, each check bit in 
each locatio n can be validated. Third, It Is possible In 
mode 2 with OES low to transfer data from the higher 
byte to the syndrome I/O port, also shown In Figure 5c. 
But first the generated check bits must be ail low. This Is 
attained by previously loading ail “T’s Into DIL in an 
earlier cycle. This Is useful when using an error logger in 
conjunction with the DP8400 to feed the syndrome word 
Into the logger whenever an error occurs. 


Error Logging with Syndrome 
Injection Capability 

An Important application of the dedicated syndrome I/O 
port is for error logging. This is because the Internally 
generated syndromes deriv ed du ring reading are avail- 
able on this port, provided OES is set low. These syn- 
dromes indicate the exact location of a single error, 
whether It is in the data bits or check bits; they are 
therefore useful to be stored for error logging. Every time 
an error occurs when indicated by error flag AE, the 
syndromes corresponding to this error can be logged. 

The syndrome word can be fed from SOL via the 
Syndrome Output Buffer onto the external syndrome 
bus. An Error Logger connected to this bus, as shown in 
Figure 6, will store the syndrome word in the same loca- 
tion as the corresponding address of each error that 
occurs. An intelligent error logger will differentiate 
between new errors and ones that have occurred pre- 
viously, by logging only new errors and ignoring ones 
that have already occurred. An easy way to determine 
this would be to compare the incoming memory address 
with the address of errors contained in the logger. If a 
match is not found and an error occurs, the new address 
and corresponding syndromes are logged. If a match is 



7-111 


AN-306 





AN-306 


found, then whether an error occurs or not, no further 
action is necessary. Tag bits may be provided to indicate 
whether the error is hard or soft. 

For example, if an error has already been logged at a 
particular address and that address Is re-written to, then 
If the error repeats subsequently, it is a hard error, and if 
not, it is a soft error. So, if a tag bit is set when a write 
occurs to a previously logged address and a subsequent 
error is detected at that address, a second tag bit Is set 
indicating a hard error. A better approach would be to 
have the DP8400 correct and rewrite to the same location 
all in the same cycle, as soon as a single error is detec- 
ted. The first error detected in a location is classified as a 
soft error until it recurs, and if an error does recur, a tag 
bit is set to indicate a hard error, it is assumed here that 
multiple soft errors will not occur in the same iocation. 


Now that the error logger contains error information, it is 
necessary for the microprocessor to retrieve it. The 
DP8400 makes this easy, because the external syndrome 
bus data can be transferred to the data bus as described 
for operation in mode 6. If the error logger is made 
capable of outputting stored syndromes, and subse- 
quently outputting the corresponding address one byte 
at a time, then all the relevant information can be 
retrieved by the microprocessor. The user may choose to 
store this In nonvolatile memory in the event of a power 
failure. When power returns, it will be desirable to 
restore this information back to the error logger, and this 
can be achieved by first loading DIL with all “T’s to create 
all generated check bits low. Now the addresses and 
syndromes can be loaded from the higher byte of the 
microprocessor through the syndrome I/O port one byte 
at a time, with DP8400 in mode 2, to the error logger. 



MEMORY 


Figure 5a. Read Internal Generated Syndromes and Check Bit Port (Mode 6A) or 
Read Syndrome Port and Check Bit Port (Mode 6B) 



Figure 5b. Diagnostic Read— Compare Simulated Check Bits with 
Check Bits Generated from Data Stored in Previous Cycle 
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Figure 5c. DP8400: Mode 2 
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Figure 6. Error Logger Connected to DP8400 Syndrome Port 


Correcting Double Errors 
Using the Error Logger 

It is possible to take the error logging function one stage 
further. As described so far, the error logger has been 
storing single errors (data bit or check bit). What if a 
double error is detected? If it is detected without any 
previous history at that address, one solution would be 
to perform a Double Complement to attempt to correct 
both errors. If this is not done, no useful Information can 
be obtained. If both errors are corrected, the error logger 
records the syndromes of both, and tags whether they 
were both hard, or one hard and one soft. But, if there is a 
previous history at this address of a single error, then it 
Is fair to assume that the second error has subsequently 
occurred. In this case, if the error logger could be made 
to inject the syndromes of the first error into the DP8400, 
the DP8400 would correct this error so that Its DOL 
would then contain data with one error (if both errors are 
data bit errors). It is necessary at this point to wrap- 
around DOL back to DiL and allow the DP8400 to correct 
the second error. This approach is much faster than the 
Double Complement approach and at the same time 
offers fuli error logging capability. 


Any Double Error Correction Using 
The Double Syndrome Decode Approach 

The data sheet shows how the DP8400 can perform 
double error correction using the Double Complement 
Approach, provided at least one of the errors was hard. 
For very large memories, this may not be adequate, as 
some systems will require total double error correction 
capability— quickly, without having to wait two addi- 
tional memory cycles. Some of these systems will also 
required triple error detect capability. Fortunately, the 
matrix of the DP8400 has been configured to allow both 
of these capabilities. Most modern error detection/ 
correction matrices use a modified version of 
Hamming's original code. The Hamming code allows 
single errors to be corrected, however, two errors may 
not be detected as such. For 16 data bits, five check bits 
are required. Modified Hamming codes allow double 
error detect capability, as well, by arranging that the 
ExclusIve-OR of the syndrome words of any two bits in 
error produces an even parity syndrome word. A parity 
check on the syndrome bus will, therefore. Indicate two 
errors (or no error, but In this case, the Any Error flag will 
be Inactive). For 16 data bits, six check bits are required 
for singie/double error detect and single error correction 
capabilities. 
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The DP8400 has a matrix that goes one step further by 
using a version of the Nelson code. This costs no addi- 
tional on-chip gates to those required for a Modified 
Hamming code. To be able to correct any two errors, it Is 
necessary to be able to determine their location, and no 
present version of the Modified Hamming code Is able to 
do this. There are matrices that do exist that can generate 
12 check bits from 16 data bits (or 14 check bits from 32 
data bits) for writing, and then generate 12 (or 14) syn- 
drome bits when reading, so that the location of both 
errors can be determined and corrected. But, because 
most applications do not require this degree of Integrity 
and associated expense, they are not very popular. It 
would be Ideal If two DP8400s could be configured as In 
Figure 7a, with each generating a different set of check 
bits and a different set of syndrome bits so that the 
double syndrome word could be unique and decodable for 
any two bits in error. Fortunately, National Semiconduc- 
tor has achieved this by incorporating a feature called the 
Rotational Syndrome Word Generator, which uses rotated 
data to the secondary DP8400. 

The primary DP8400 generates check bits when writing, 
and syndrome bits when reading, as In a normal 16-blt 
system. But the data port of the secondary DP8400 re- 
ceives data shifted by a number of bits, usually one bit. 
In other words, for this secondary chip, system data bit 0 
connects to DQ1, system data bit 1 to DQ2, etc. Each 
DP8400 has Its own dedicated six memory check bits, 
which are obviously different from each other due to the 
data shifting on the secondary DP8400. The Nelson code 
Is such that during a read, not only does each DP8400 
generate a different set of syndrome bits, but the double 
syndrome word (comprising 12 bits for 16 data bits) Is 
unique for any two bits In error. It Is necessary to be able 
to ou tput these syndromes as they occur and to do this, 
OES of both chips Is set low during the time memory data 
is valid. 

Now that we have a unique double syndrome word for 
any two bits In error, it is necessary to decode it to cor- 
rect both errors. The easiest way to do this Is to connect 
the double syndrome word to the address inputs of a 
registered PROM (a PROM with latchable data out) as 
shown In Figure 7b. In this example, 12 syndrome bits re- 
quire 4k addressing capability, and 32k registered 
PROMs will be made available soon. Some of the ad- 
dresses of the RPROM will be used for double errors and 
each address will be unique for'any two bits In error. The 
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Figure 7a. 2 Different Generators 


corresponding data out could, therefore, contain one of 
the syndrome words. Double errors may be caused by 
two data bit errors, a data bit and primary check bit error, 
a data bit and secondary check bit error, a primary and 
secondary check bit error, or two errors in either primary 
or secondary check bits. In these cases. If the RPROM 
address stores the syndrome word for one of the two 
errors, this will be available at the output of the RPROM 
when enabled. 

First of all, this dat a mu st be latched In the RPROM 
register, and then the OES input to each DP8400 must be 
set high to deactivate the two syndrome output buffers. 
Next, the RPROM data must be enabled onto the primary 
syndrome bus so the primary DP8400 can enter this syn- 
drome word, representing one of the two bits in error 
with CSLE high. At the same time, the primary DP8400 
must be set to mode 7 so that the syndrome word appears 
on the intern al syn drome bus, replacing the generated 
syndromes. If OLE Is now set from low to high, DOL will 
contain either one or no error, depending on where the 
two errors were located. In other words, th e DP 8400 has 
just corrected one of the errors. By se ttin g OLE low, then 
disabling memory and enabling OBO and OB1 of the pri- 
mary DP8400, this data Is output on the data bus and 
back Into the DIL with DLE high. There Is now only one 
data error, and this can be corrected by setting the 
DP8400 to normal read, mode 4. 

Thus, both errors have been corrected at a fairly fast rate. 
For example, for a 50ns RPROM, the total time to gener- 
ate double syndromes, feed back a one-error syndrome 
word to the primary DP8400, correct It, wraparound, and 
correct again, may take less than 120ns total. 

Only a few of the addresses In the RPROM are required 
for double errors. Some double syndrome words repre- 
sent single errors and triple errors. All single bit errors 
also produce a unique double syndrome word different 
from all'double bit errors. 
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In fact, nearly all triple bit errors produce unique double 
syndrome words different from single and double bit er- 
rors. Those that do not produce unique double syndrome 
words, duplicate double syndrome words of other single, 
double, and triple bit errors; however, these comprise 
only about 5 percent of the total. We can say, therefore, 
that this approach will correct not only all double bit er- 
rors, but will detect 95 percent of all triple bit errors. Note 
that with error correction systems utilizing the modified 
Hamming code, the majority of triple bit errors are 
Interpreted as single bit errors andTalsely corrected as 
such, it Is up to the designer to determine the chances of 
three errors occurring In a memory location, and the 
(likely) consequences that they will be falsely corrected. 
If this condition is undesirable, then the Double Syn- 
drome Decode Method offers greatly enhanced Integrity; 
in fact, if the three errors detected do have a unique 
double syndrome word, they can be corrected. As stated, 
no presently used Modified Hamming code offers a 
unique double syndrome word for multiple errors; this is 
only possible with a Nelson code. This example was 
largely for 16 data bits, but the idea will work for other 
data widths. 

In the 16-blt example, the RPROM has to output only six 
bits representing the syndrome bits of a bit In error. This 
leaves two spare bits which can be used as flags, and the 
user can program his RPROM accordingly. One solution 
is to use these flags to Indicate the type of action 
required — whether to correct at all, correct once, or cor- 
rect twice by wrapping around. 

Block Diagram of the DP8400 

This Application Note discusses first the single error 
correction, showing a simplified block diagram of the 
chip for both a write cycle to generate check bits, and a 
read cycle to detect errors and correct single bit errors. 


The most Important requirement when accessing mem- 
ory is that these operations be performed with minimal 
memory delays. The DP8400, therefore, has been struc- 
tured Internally to minimize series propagation delays 
through the chip. A full block diagram of the DP8400 Is 
shown, and first impressions are that there might be ex- 
cessive delays in the various paths due to the additional 
blocks that have been added to the basic functional 
block diagram. In fact, this is not the case, because the 
DP8400 has been configured in bipolar Schottky logic 
and uses the AND-OR-INVERT gate in many of the blocks. 
This type of gate structure is used in multiplexers, Exclu- 
sive-OR gates and fall-through latches. It is possible, 
therefore, to combine these functions into one wide 
gate, reducing the propagation delays through some of 
these blocks to that of one gate. For example, the check 
bit output latch COL receives its Input from an Exclu- 
sive-OR gate followed by a multiplexer. These three 
functions can be combined into one wide gate, and this 
greatly reduces the time taken to generate check bits. 


The DP8400— A Versatile Error Checker/ 

Corrector for All Applications 

It was shown earlier how the DP8400 was able to detect 
single and double errors, and correct single errors. For 
8-and 16-bit systems, these could easily be accomplish- 
ed with a minimum of extra circuitry. The DP8400 can 
also be used In complex high integrity systems. In fact. 
Investigations are still progressing as to its immense 
capabilities. It is the only error correction circuit capable 
of these features, and yet It still provides very fast through- 
put. For these reasons, the DP8400 should become the In- 
dustry standard error correction chip for the foreseeable 
future. 
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DP8400S in 64-Bit Expansion 


The purpose of this Application Note Is to provide mem- 
ory designers with detailed Information on the DP8400 
parallel expansion method. This method allows fast 
check bit generation, error detection, and error correc- 
tion. A thorough understanding of the 16-blt implementa- 
tion is a prerequisite. Included in this note are the 
following: error correction expansion matrix; detailed 
steps for check bit generation, error detection and error 
correction; an example of a single error correction; and 
the detailed wiring diagram for the 64-blt configuration. 

The Error Correction Expansion Matrix 

For a 16-blt word, the DP8400 reads data between the 
processor and memory, with Its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 
uses an encoding matrix to generate six check bits from 
the 16 bits of data. This 16-bit matrix contains 16 unique 
syndrome patterns corresponding to each error location 
which allows the DP8400’s Data Error Decoder (DED) to 
Identify the data error location. 

The DP8400 is easily expandable to other data config- 
urations. For a 32-blt data word with seven check bits, 
two DP8400S are used. Three DP8400s can be used for 48 
bits, four DP8400S for 64 bits, and five DP8400S for 80 
bits, all with eight check bits. In order to expand the 
DP8400, additional check bits are required to provide the 
unique characteristic of the single data error syndrome. 
For expansion beyond 24 bits, check bits 6 and 7 (C6 and 
C7) are used. Note that these check bits can be configur- 
ed to be always either zero or word parity, depending on 
the Input voltage level of the Expansion Pin (XP). By re- 
arranging all eight check bits (CO- C7) of each DP8400, 
we can obtain many different matrices that meet the 
above requirement. One of these is shown in Table 1. For 
Illustration, this matrix will be used throughout this 
application note to clarify the E^C^ expansion concept. 

Check Bit Generation, Error Detection 
And Error Correction 

Check Bit Generation {Figure 1) 

In the Check Bit Generation mode, all four DP8400s are 
set to mode 0, normal write. The 64 bits of data from the 
system data bus are enabled into the Data Input Latches 
(DIL) of each DP8400. The Individual Check Bit Genera- 
tors (CG) of the four DP8400s then produce eight parity 
bits, or partial check bits, derived from the input data. 
(Note that all the syndrome input latches should be 
cleared so that only the partial check bits will pass 
through the Check Bit Output Latches/Buffers (COL and 
COB)). In the normal write mode, the COBs are always 
enabled onto each check bit port. This allows the partial 
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Table 1. Data Bit Error to Syndrome-Genera te 
Matrix, 64-Bit Configuration 
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check bits to be combined externally in the eight 
74S280S’ parity generators/checkers to produce eight 
composite check bits. Table 2 shows how these check 
bits are generated. 

Table 2. Composite Check Bit Generation 

Ccomp. 0 = C(0)0 ® C(1)1 e C(2)6 © C(3)4 

Ccomp. 1 = C(0)1 © C(1)5 © C(2)3 © C(3)5 

Ccomp. 2 = C(0)2 © C(1)6 © C(2)5 © C(3)3 

Ccomp. 3 = C(0)3 © C(1)4 © C(2)4 © C(3)6 

Ccomp. 4 = C(0)4 © C(1)3 © C(2)2 © C(3)2 

Ccomp. 5 = C(0)5 © C(1)2 © C(2)7 © C(3)0 

Ccomp. 6 = C(0)6 © C(1)0 © C(2)1 © C(3)1 

Ccomp. 7 = C(0)7 © C(1)7 © C(2)0 © C(3)7 

Notes: 

Ccomp: composite check bit. 

C(X)N; the partial check bit N of device X, 

(Refer to Table 1 for clarification.) 

To aid in fast error detection during memory read cycles, 
these composite check bits are complemented and 
written into memory along with the system data. If the 
syste m dat a h as va cated the data bus, the Output En- 
ables (OBO and OB1) must be set low so that the original 
data word with its eight composite check bits can be 
written into memory. 

Detection Mode {Figure 2) 

In the Detection mode, again all the DP8400s are set to 
mode 0, normal write, then the partial check bits derived 
from the memory data bits are generated in a manner 
similar to that described for the check bit generation 
mode. These partial check bits are then associatively 
compared with the memory check bits in the eight 
74S280S to produce eight external Composite Syndrome 
bits. As explained in the check bit generation mode, the 
composite check bits are complemented before being 
written into memory. This shows why complemented 
Composite Syndrome bits are produced inste ad of true 
composite sy ndromes. Then, if any bits on the Compos- 
ite Syndrome bus go low, this will cause the 74S30 NAND 
gate to go hig h, giving the Any Error i ndication. If there is 
no err or, all Co mposite Syndrome bits remain high. 
These Syndrome bits are also latched into the 74ALS533 
Octal D-type Transparent Latch (with inverted output). 
The composite syndromes are then fed into the syn- 
drome ports of the DP8400s in different combinations 
for each, for error-type determination and/or error 
correction. 

Correction Mode: {Figure 3) 

Upon receiving the Any Error indication during the 
detection mode, it takes an additional step to determine 
the error type and to correct a single data error. All the 
DP84 00S should be set to mode 7B (which is mode 7 with 
OES high), this mode enables the external syndromes 
directly to the Syndrome Generator (SG) and then the 
Data Error Decoder (DED) of each chip. For a single data 
error, the input syndrome will be unique for that error 
location; consequently, only one DP8400 can decode 
that error location and correct that bit. The other three 
do not indicate an error and do not change their data 
output latch contents. This corrected data can be ou tput 
to the system data bus by means of OBO and OB1. The 
DP8400 that decodes the data error location will indicate 
a single data error, while all others Indicate a check bit 


error. If there was a single check bit error or a double bit 
error, then all the DP8400s will indicate a check bit error or 
a double bit error, respectively, through their error flags. 

An Example of a Single Data Error Correction 

Assuming all zero data is to be written into memory, we 
obtain the following set of partial check bits for all 
DP8400s: 

CO = 0 C4 = 0 

C1 = 0 C5 = 0 

C2 = 1 C6 = 0 

C3 = 1 C7 = 0 

Note that each DP8400 contains the basic 16-bit matrix 
(C0-C5). Therefore, the first six partial check bits are the 
same for all devices; only C6 and C7 are different. With 
the 64-bit configuration using the above 64-bit matrix, 
C6 = C7 = 0 (by connecting XP directly to Vcc) for the 
devices 0, 1 , and 2; and C6 = C7 = word parity (by leaving 
XP pin floating) for the device 3. However, with all zero 
data, word parity is also zero (even parity). Therefore, the 
above partial check bits are obtained. 

Using the formulas given in Table 2, the composite 
check bits are as follows: 

Ccomp. 0 = 0©0©0©0 = 0 
Ccomp. 1=0©0©1©0 = 1 
Ccomp. 2 = 1©0©0©1 = 0 
Ccomp. 3 = 1©0©0©0 = 1 
Ccomp. 4 = 0©1©1@1 =1 
Ccomp. 5 = 0©1©0©0 = 1 
Ccomp. 6 = 0©0©0©0 = 0 
Ccomp. 7 = 0©0©0©0 = 0 

Note that these composite check bits are complement- 
ed before they are written into memory. Thus, the 
memory check bits read later from memory are 1100 
0101. 

If an error has occurred in the data position 35 which is 
bit 3 of device 2, then the partial check bits C(3)N produc- 
ed during the detection mode are as follows: 

C(3)0 = 1 C(4) = 0 

C(3)1 = 1 C(5) = 0 

C(3)2 = 0 C(6) = 0 

C(3)3 = 1 C(7) = 0 

The partial check bits of other devices are unchanged. 
Consequently, the newly generated composite check 
bits (Ccomp) and the total syndrome bits are: 


Newly Generated 

Composite Memory Composite 

Bit # Check Bits Check Bits Syndrome 


0 0 © 1 

1 1 © 0 

2 0 © 1 

3 1 © 0 

4 0 © 0 

5 1 © 0 

6 1 © 1 

7 1 © 1 


1 

1 

1 

1 

0 

1 

0 

0 
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Figure 1. Simplified Block Diagram — 
64-Bit Parallel Expansion, Check-Bit Generation 
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Figure 2. Simplified Block Diagram — 
64-Bit Parallel Expansion, Error Detection 
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Figure 3. Simplified Block Diagram — 
64-Bit Parallel Expansion, Error Determination 
and Correction 
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The composite syndrome 1 1 01 0000 is that of the error 
location 35. Since the syndrome is unique and fed re- 
ordered to each DP8400, only device 2 will recognize this 
syndrome pattern and complement its data bit 3. Then 
the c orrect ed data can be output to the system data bus 
when OBO and OBI of all four DP8400S go low. Devices 0, 


1, and 3 all output the same data they /eceived from 
memory. Only device 2 changes its (erroneous) data. 
Refer to Figure 6 below for the timing diagrams of a 
memory write and memory read cycle (detect then cor- 
rect). 
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Figure 6A. 64 Bit Parallel Expansion 

Memory Write Cycle 


Figure 6B. E^C^ 64-Bit Parallel Expansion 
Memory Read Cycle (Detect Then Correct) 
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SYSTEM DESiBii/ima5]\y mmm 

ERROR CORRECTION 
THE HARO WAY 

A double complement correct cycle in an ecc system forms a 
sophisticated double-bit error correction and management 
system 


by Bob Nelson 


T he use of parity, the most common error detection 
method, can be expanded from simple error detec- 
tion in data words to the correction of single-bit 
errors by means of a double complement correct cycle. 
The double complement method can also be used to 
advantage in combination with error checking and cor- 
rection systems to detect and correct hard and soft com- 
binations of double-bit errors, provided no more than 
one of such errors is soft. In addition, this technique 
points the way to more sophisticated double-bit error 
correction and error management systems. 

A parity bit is assigned a value of 1 or 0 on the basis 
of the number of Is in the data word. The value of the 
parity bit depends on whether the parity system chosen 
is odd or even. Thus, in an odd parity system, the sum 
of the Is in the data word and the parity bit will always 
be odd, whereas in an even parity system, the sum of the 
Is in the data word and the parity bit will always be even 
(Fig 1). All examples in this discussion, except for those 
in Fig 1, use odd parity. A single parity bit can be used 
to detect a single-bit error occurring during a memory 
read cycle, and the technique can be expanded to pro- 
vide even further error handling. 

Parity error detection and correction 

During a memory write, the parity bit which is created 
as a result of the data is written to the memory along 
with the data word for storage. When a read cycle oc- 
curs, parity generation is again performed on the data 
word, creating a new parity bit, which is then compared 
with the original parity bit read from memory. If a dif- 
ference exists between the two parity bits, an error has 
occurred. Although this error cannot be located with the 
information given, and may have occurred in any bit lo- 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 
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Data Word 

Parity 

Number 
of Is 

System 

10001010 

1 

4 

even 

10001010 

0 

3 

odd 

01101001 

1 

5 

odd 


Fig 1 Odd and even parity, Value of parity bit is generated 
to satisfy chosen parity system (even or odd) so that sum of 
all Is, including parity bit, will conform to even or odd 
parity system 

cation in the data word or even in the parity bit, if it is a 
hard error, itsjocation can be determined through the 
use of additional memory cycles. 

If an error is detected during a memory read cycle, a 
simple procedure called the double complement method 
will determine if the error is hard, and, if so, correct it. 
The method includes a routine during which the suspect 
data and parity bit are complemented and presented to 
the same location in memory for a write cycle. Follow- 
ing the write, a read cycle is performed, and if the error 
is a hard error, the memory will repeat it by providing 
the data with the error bit complemented again. After a 
second complement, the data will be correct. At the end 
of such a correct cycle the memory contains the comple- 
mented data, and one additional write cycle must be 
performed to restore the data in memory (Fig 2). 

During a double complement correct cycle involving a 
data word containing an even number of bit locations, 
the parity test is performed after the second read and 
before the second complement. If the error is hard, a 
parity error will once again be detected following the 
second read. If the error is soft, a parity error will not 
result following the second read. For data words con- 
taining an odd number of bit locations, parity testing 


1 St write 

11010011 

0 

original data 

1 St read 

11010111 

0 

PE (parity error) 

D— 

00101000 

1 

data are complemented 

2nd write 

00101000 

1 

complemented data 

2nd read 

00101 100 

1 

PE (parity error) 

D-*-D 

11010011 

1 

0 

data are complemented 


^hard error location | 


Fig 2 Hard error correction with parity. Single parity bit 
can be used to correct single-bit hard error with double 


complement method. On each memory read, original parity 
bit is read and new parity check is done on bits in data 
word. New parity bit is then compared with that read for 
validity 
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Even 

Odd 



1 St write 

1010 1 

10100 

1 


1 St read 

1011 1 PE 

10110 

1 

PE 

D— 

0100 0 

01001 

0 

PE 

2nd write 

0100 0 

01001 

0 


2nd read 

0101 0 PE 

0101 1 

0 


Q— ►D 

1010 1 10100 

1 errors 1 

1 



(a) 





Hard 

Soft 



1 St write 

1001 1 

1001 

1 


1 St read 

1011 1 PE 

101 1 

1 

PE 

D— 

0100 0 

0100 

0 


2nd write 

0100 0 

0100 

0 


2nd read 

0110 0 PE 

0100 

0 


D-^D 

1001 1 

101 1 

1 

PE 


i errors 





(b) 





Fig 3 Even/odd word and hard/soft parity errors. Data 
words with even number of bits do not yield parity error on 
second read (a), nor soft error (b). Hard error, however, 
will be corrected \ 


must be performed at different times during the correct 
cycle. In both cases, a double complement correct cycle 
can determine the type of error and, if it is hard, correct 
it (Fig 3). 

If the bit in error is hard, the double complement cor- 
rect can also be used to determine the .bit’s location in 
the data word. To do this, the data word and parity 
must be stored in a register when an error is detected. At 
the conclusion of the hard error correcting cycle, the 
location of the failing bit is determined by comparing 
the correct data with the contents of the register (Fig 4). 

Thus, the use of a single parity bit not only makes it 
possible to deduce the error type, but also to locate and 
correct hard errors. This technique is useful for low cost 
terminal and word processing systems since, where retry 
is acceptable, the small amount of additional hardware 


...the double complement 
method... also points the way to more 
sophisticated double-bit error 
correction and error management 
systems. 


required can often eliminate the cost of an unscheduled 
service call. If a hard error can be detected, a double 
complement correct cycle will correct it, and the tech- 


1 st write 

1010 1 



1 st read 

1011 1 

PE, D-»-REG 

1011 1 

D— 

0100 0 


1 

2nd write 

0100 0 


( + ) 

2nd read 

0101 0 

PE 

1 


1010 1 

compare with REG 

1010 1 


t , 

error location = 

0001 0 


Flg 4 Locating hard errors with parity. Use of register for 
temporary storage enables double complement' cycle to 
locate single hard error 


I 

nique combined with an error checking and correction 
(ECC) system can also provide extended error correction 
capability when hard errors are involved. 

ECC and double complement 

The double complement method in combination with an 
ECC system can correct additional errors, both hard and 
soft. The ECC system under discussion here uses the 
code implemented by National Semiconductor in the 
DP8400 ECC device (Fig 5) to perform 1-bit error correc- 
tion and 2-bit error detection. In an ECC system for 
16-bit data words, such as the one discussed here, six 
parity bits are generated. Each of the parity bits is 
assigned a value as a function of the sum of the Is in a 


0123456789012345 
LSB error locations MSB 


LSB 0 

I 1 

syndrome 2 
words 3 
1 4 

MSB 5 


0011111101110111 
000100101 10101 1 1 
1001 100010101 1 1 1 
0110000111101011 
1 1000101 1001 0101 
11101 11010001110 


Fig 5 Check bit generator for data words. Code used is 
that implemented in National Semiconductor’s dp8400 ecc 


device 


unique combination of selected bits in the data word. 
Partial word parity bits in an ecc system are referred to 
as check bits. For simplicity, odd parity will be used in 
the examples, although in most ecc systems, including 
those implemented with the DP8400, a combination of 
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Fig 6 Error check bits are generated by presenting the data 
word to ECC code matrix and noting corresponding Is. In 
first row, bits 5 and 9 correspond with Is in matrix. Thus, 
to maintain odd parity lsb of check bits is set to 1 


odd and even parity is used to improve memory diag- 
nostic capabilities. 

An ECC code forms a matrix (Fig 6) to which a data 
word can be presented for the generation of check bits. 
Given a data word, such as 0000010001000000, and the 
uppermost horizontal row of the matrix in Fig 7, check 
bit 0 is to be assigned a value based on the sum of cor- 
responding Is in that row and the data word. Using odd 
parity, the corresponding Is in locations 5 and 9 dictate 
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Error Correction the Hard Way 


Write 00000100010000000 000101 

Read 00000100010100000 000101 error in 11 

Generate 00 000100010100000 010110 new check bits 

XOR check bits i 010011 

^ syndrome bits 


Fig 7 Generating syndromes for locating error. Syndrome 
word is result of exclusive OR (xor) of error check bits. 
No^error condition would result in syndrome word of all Os 

a value of 1 for the parity bit. For check bit 1, the 
selected location of correspondence is 9 only. Check bit 
1 is assigned a value of 0 for odd parity. The complete 
set of check bits for this particular word is 000101 
(05 HEX). 

After check bit generation, the data and check bits go 
to the memory. During the read a new set of check bits 
are generated and compared against the check bits read 
from memory. The results of this check bit compare, an 
exclusive OR (XOR) function, are the syndromes (Fig 7). 
The single error indicating syndrome word is unique and 
is interpreted by the syndrome decoder to indicate the 
column in the matrix corresponding to the error loca- 
tion. The matrix or code is therefore a check bit genera- 
tor for data, but a syndrome generator for error 
locations. 


The... method in combination with an 
ECC system can correct additional 
errors, both hard and soft. 


5 9 


1st write 0000000000000000 110011 
1stread_ 0000010001000000 110011 
D— 1111101110111111 001100 
2nd write 1111101110111111 001100 
2n^read 1111101111111111 001100 
D-*-D 000001 OOOOOOOQOO 110011 
A 000010 


110001 


original data 
2 errors 
complement 

hard error fixed 
complement 
new check bits 

syndromes for 
bit 5 


Fig 8 Correction of hard and soft errors. In the case of 
data word with one hard and one soft error, double 
complement method has corrected hard error and 
determined existence of soft error, which is then located by 
syndrome word and can be corrected 


The check bits, or partial word parity bits, generated 
by modified Htoming codes and the code used in the 
DP8400, are also capable of providing complete error 
reporting. Since the single error reporting syndrome 
words contain an odd number of Is and the total num- 
ber of Is is greater than one, 2-bit errors can easily be 
distinguished from a 1-bit or detectable triple-bit error. 
The DP8400 monolithic ECC device performs this error 
determination by counting the number of Is in the etror 
indicating syndrome words. When no error exists, the 
syndrome word contains no Is, and when a single check 
is in error, a single 1 is present in the syndrome word. 
When an odd number of data bits are in error, the num- 
ber of Is in the syndrome word is odd and greater than 1 
(3 or 5 in this example); if an even number of bits are in 
error, the syndrome word contains an even number of 
Is greater than 0 (2, 4, or 6). 


An ECC system implemented with the dp8400 can, at 
minimum, detect l(X)Vo of 2-bit errors; all of these er- 
rors are correctable if no more than one of them is soft. 
The device has complement write and read modes to al- 
low the double complement correct technique to be used 
with no additional hardware, and other ECC devices can 
be used with additional components to implement the 
function. 

In Fig 8, a soft error exists in location 5 and a hard er- 
ror in location 9. During a memory read, the generated 


The matrix or code is... a check bit 
generator for data, but a syndrome 
generator for error locations. 


syndromes are the xoR of the single error that indicates 
syndrome words representing the error locations. 
110001 ( + ) 001011 = 111010 [31 ( + ) OB = 3A HEX]. 
Since a double error is indicated— an even number of Is 
in the syndrome word— the data and check bits are com- 
plemented and placed in the output registers for presen- 
tation to the memory. After the memory write and 
subsequent read, the new data are Complemented and 
stored in the data input latch. The error in location 5 
remains in the data. A new set of check bits is generated 
from the data in the data input latch and compared with 
that in the check bit input latch, producing the syn- 
drome word 110001 (31 HEX), which corrects the 
remaining error. 

A detected double-bit error followed by a double 
complement correct cycle is properly reported as to ini- 
tial error type. If the detected errors were both soft, for 
example, no change would occur in the data or check 
bit, and the ECC device error flags would again report a 
double-bit error. If, after the second read and comple- 
ment, the error flags still report a single-bit error, the 
hard error (of a hard and soft combination) has been 
corrected and only the soft error remains. Of course, the 
single remaining error will be corrected in the normal 
manner by the ECC device. In the case of a double hard 
error, the error flags will report a no-error condition 
following the second read cycle, indicating that both er- 
rors were corrected and that the data are valid. 


\ 
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SPECIAL REPORT ON MEMORY SYSTEMS OESIGN 


SIMPUFICATION OF 2-BIT 
ERROR CORRECTION 

Bit by bit, errors can be detected and eliminated through 
the use of an error matrix 


by Bob Nelson 


A computer-generated code, which generally obeys the 
rules attributed to the Hamming code and many of 
its variations, can be used to extend error detection 
and error correcting efficiency in an error checking and 
correction system. Such a code has been implemented 
by National Semiconductor on the DP8400, an expand- 
able error checking and correction device packaged in 
a 48-pin dual inline package. The DP8400 can be used in a 
minimum hardware implementation of a 2-bit error cor- 
rection system which will serve as an introduction to the 
rotational syndrome word generator, and also lead the 
way to expanding the error correcting capabilities even 
furfher. 

Syndrome words 

The code used in an error checking and correction (ECC) 
system designed to correct 1-bit errors and detect 2-bit 
errors for 16-bit data words may be viewed as a 16x6 
matrix (Fig 1). The matrix describes the error locations 
and the syndrome bit positions so that the upper left bit 
of the matrix defines the least significant bit (lsb) for 
both the error locations and the syndrome bit locations. 
Each vertical column of the matrix contains the syn- 
drome word (syndrome bits) for that error location in 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 
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the data word. For any number of errors, the syndrome 
word generated by presenting the data word to the ma- 
trix is the exclusive OR (XOR) of the syndrome words 
defined by the error positions. To correct an error, the 
location of the error must be uniquely identified, and 
thus the 16 vertical columns must each be unique. A 
modified Hamming code generates a unique syndrome 
word for every possible data bit error location and 
hence may be referred to as a syndrome word generator. 

Using syndrome words containing an odd number of 
Is is the most common “modification,” to the Hamming 
code. By ensuring that the syndrome words (vertical col- 
umns in the matrix) contain either three or five Is, all 
applicable error conditions may be defined by counting 
the syndromes. The absence of a syndrome (ie, a syn- 
drome containing all Os and no Is) indicates no error; an 
odd number greater than one (3 or 5 in this case) defines 
the location of a single-bit error. Any simultaneous 
double error will provide a syndrome word containing 
an even number of Is greater than zero, while a single 1 
in the syndrome word is indicative of a failure in the 
check bit portion of memory. 

The rotational syndrome word generator described 
here also contains an odd number of Is in each syn- 
drome word. One additional characteristic common to 
both the Hamming code and most of its modified ver- 
sions is that byte parity is an integral part of the matrix 
itself. However, the code implemented in the DP8400 ECC 
device and discussed here does not consider byte parity, 
or word parity, as a part of the code itself. 

A 2-bit error correction system may be implemented 
in either of two ways. A code designed to allow 2-bit 
error correction may be used, or an existing single-bit 
error correct code may be extended by adding a second, 
different code which will ensure that each syndrome 
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111111 
01 2346 '6 78901 2345 
Lsb error locations MSB 


0011111101110111 LSB 0 

0001001011010111 1 1 

1001 1. 00010101 1 1 1 syndrome 2 

0110000111101011 words 3 

110 0010110010101 I 4 

1110111010001110 MSB 5 


Fig 1 DPS400 generates unique syndrome word to indicate 
single-bit error position. Generated syndrome word 
containing all means there is no error in data word. 

word generated for any two error locations will be 
unique. Thus, a secondary, and different, 16x6 matrix 
connected to the primary matrix to form a 16 x 12 
matrix will allow double-bit error correction if the XOR 
of the two 12-bit syndrome words produces a unique 
word for any two error locations. 

Second matrix 

The definition of an ECC matrix requires specif)dng a 
correspondence between error locations and syndrome 
words that defines the error location for each set of 
single-error syndromes. If a matrix is resequenced such 
that any error location corresponds to a syndrome word 
different from the original (primary) matrix, a second 
matrix has been created. For a 16-bit ECC matrix, 16!, 
or 2.092279 x 10^13, different codes exist. If a second 
code exists such that when it is combined with the first 
code (each containing the same syndrome words, but in 
a different sequence), a unique, larger syndrome word is 
generated for any two error locations, then an expand- 
able code has been created (Fig 2). 

The matrix, or code, used in the DP8400 device is 
deHned such that if a second matrix, identical to the 
first but shifted by one bit position, is combined with 
the first, it would form just such a larger matrix. This 
matrix is fully rotational in that the secondary matrix 
need only be rotated, or shifted one error bit position to 
the left or right with respect to the primary matrix, to 
form latger, unique syndrome words regardless of the 
assigned correspondence of the primary matrix. 
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Fig 2 Code in dp8400 can be expanded by adding second 
device with code shifted by one bit position. Note that 
bottom six bits of each column are identical to top six bits 
in column to immediate right. 


Implementation of this code in the DP8400 allows the 
data word size to be extended beyond 80 bits, using one 
device for each additional 16-bit word or portion 
thereof. The code function as a rotational syndrome 
word generator exists for all these defined word widths 
(Fig 3). 

In addition to the rotational syndrome word genera- 
tor, the DP8400 has two important features that permit 
an easy implementation of a 2-bit error correction 
system. During a memory read, the error indicating syn- 
dromes can be accessed directly by outputting them to 
the syndrome input/output (I/O) ports; syndrome can 
also be presented to the syndrome i/o ports to be xoRed 
with the internally generated syndromes inside the 
DP8400. The internal syndrome decoder is provided with 
the result. 


Error locations ► 0 and 1 

produce 

HEX syndrome word ► E34 ( + ) A78 = 44C 

but 

Error locations ► 2 and 4 

produce 

HEX syndrome word-; — ► 1E9 {-»■) C65 = D8C 


Fig 3 Unique syndrome is produced for each pair of error 
locations which is xoR of the locations. That syndrome can 
be decoded to identify pair in error. 

If, for example, the internally generated 2-bit error 
syndromes are xoRed with externally provided syn- 
dromes, representing one of the bits in error, the 
resulting syndromes representing the unknown error 
will be presented to the internal syndrome decoder. 
Once the unknown error is corrected, the data can be 
output to the data bus. The apparently correct data 
return zero syndromes (those containing all Os) which, 
when xoRed with the syndromes being injected, pro- 
duce the syndromes representing the unknown error and 
present them to the syndrome decoder. This second 
error can then be corrected. 


Using syndrome words containing an 
odd number of Is is the most common 
“modification” to the Hamming code. 


As described, the DP8400 is implemented for a 16-bit 
system. This “primary” ECC device will provide at its 
syndrome i/o pins the primary, or least significant six, 
syndrome bits of an extended matrix ECC system. A 
“secondary” ECC device is interfaced to the memory 
system with the data pin-to-system data bit correspon- 
dence rotated by one bit position, thus producing the 
extended matrix just described. The second device re- 
quires a second set of check bits; these secondary, or 
most significant six, syndrome bits are provided by the 
second dp8400. 

The resulting 12-bit syndrome word can be externally 
decoded to provide the syndromes to be Injected to 
effect 2-bit error correction. In system use, the exter- 
nally decoded syndromes will be stored in a register. 
After the syndrome I/O port of the primary ECC device 
has been “turned around,” the register outputs are 
enabled to allow syndrome injection. 
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Each of the DP8400 devices provides a set of error 
flags. Since each device maintains an independent check 
bit field in memory, errors occurring within a given 
check bit field are easily and quickly determined. If the 
errors, regardless of number, are confined solely to the 
check bit field of one of the devices, a no-error condi- 
tion will be indicated. 

The syndrome word generated by this system is unique 
for any combination of 2-bit data errors; both devices 
see an even number, greater than zero, of Is in the syn- 
drome word (Fig 4). For 2-bit errors involving one data 
bit and one check bit in either the primary or secondary 
check bit fields, the dp8400s report an even, greater than 
zero, and odd number of Is in the syndromes; again, the 
syndromes are unique. The remaining type of 2-bit 
error, that in which both errors occur in either the 


Location/Error Syndromes Location/Error Syndromes 
Data Sec Prim Sec Prim Data Sec Prim Sec Prim 


2 0 0 
1 1 1 
1 0 0 
0 1 1 
3 0 0 

1 0 2 
1 2 0 


even even 
even even 
odd odd 
odd odd 
odd odd 
odd odd 
odd odd 


1 0 1 
2 1 0 
0 1 2 
1 1 0 
2 0 1 
0 2 1 


odd even 
odd even 
odd even 
even odd 
even odd 
even odd 


Fig 4 Number and type of errors can be determined by 
looking at combination of even or odd numbers of Is in the 
primary and secondary check bit fields. 


primary or secondary check bit fields, produces its own 
unique syndrome word. However, since one DP8400 
reports an even number of Is in its syndrome word and 
the other reports all Os, the data are known to be valid. 
In addition, in this particular 2-bit error correct system, 
nfearly half of the 3-bit errors result in unique syndrome 
words and are therefore correctable as well. 


Decoding the syndromes 

A programmable read only memory (prom) or electri- 
cally programmable read only memory (eprom) is 
required as an external syndrome decoder for this 2-bit 
error correction system. The PROM address inputs are 
provided by the 12 syndrome bits generated by the two 
ECC devices. The least significant six bits of the prom 
output byte provide, when required, the syndrome bits 
for subsequent injection into the primary DP8400. The 
remaining two bits of the PROM output byte provide 
flags defining the type of error and the contents of the 
six LSBs of the prom output byte [Fig 5 (a)]. 

The DP8400*s error flags provide initial error deter- 
mination; if an error that is not a single-bit error occurs, 
the external syndrome decoder will provide further error 
determination. Some types of error do not require syn- 
drome injection and are referred to as “zero-pass** cor- 
rectable errors. An example of such an error is one with 
a data bit and a secondary check bit in error. This type 
of error is corrected by the primary ECC device. An 
error type that requires “one-pass** correction is one 
with two data bits in error. In this case, syndromes rep- 
resenting a known error are injected into the dp8400. 


allowing correction of the unknown error. The re- 
maining single error is then corrected. 

The remaining error type, the “two-pass’* error, can 
sometimes be a correctable 3-bit error. The syndromes 
representing a 2-bit error condition are injected, 
allowing correction of one error. The remaining 2-bit 
error produces a new set of syndromes which requires 
external (second-pass) decoding to produce a set of 
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Fig 5 When a prom is used as extenial syndrome decoder, 
its output byte can supply additional data about the error 
and how it is to be most efficiently corrected. 



BITS a 7 bits 0 TO 5 


Fig 6 A 2-bit ECC system can be implemented with two 
DP8400S, a 4k-byte prom for external syndrome decoding, 
and a register for temporary storage of syndromes error 
data. Note that the altered sequence of the lines from the 
secondary DP8400 reflects the bit rotation needed to expand 
the unique matrix. 
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« *** 
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» *** 

• *** 

• *** 

• **** 


*************************************************************** 

'DC16AROM. BAS' Bob Nelson - Sunnyvale CA - 9/15/81 

This program generates the syndrome decoder ROM code for 
use in implementing a primary syndrome injection two bit 
correction code generated by a single bit left rotation 
of the secondary matrix. The primary is a Rotational 

Syndrome Generator as defined by National Semiconductor 
in the DP8400. The LPRINT routine may be replaced with a 
FILE generator or OUTP routine to facilitate the use of a 

PROM/EPROM programmer 

*************************************************************** 


* * * 
*** 


DEFINT A-Z:DIM SYND(16), PRI(16), ROM(4096,1) 

READ A:B=A:FOR C=0 TO 14;READ D:SYND(C) =D*64+A;PRI (C) =A; A=D 
NEXT: SYND( 15 ) =B*64+A: PRI ( 15 ) =D 

DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX 
ROM(0,1)=224:FOR A=1 TO 4095:ROM(A,1 )=184:NEXT 

FOR A=0 TO 13:FOR B=A+1 TO 14:FOR C=B+1 TO 15 '300 - 560 

AD=SYND(A) XOR SYND(B) XOR SYND(C ) : AE=PRI { A) XOR PRI(B) 

IF ROM(AD,l)=184 THEN ROM( AD, 1 ) =AE+64 ELSE ROM( AD, 1 ) =183 
NEXT:NEXT:NEXT 

FOR A=0 TO 14: FOR B=A+1 TO 15 *200-120 

AD=SYND(A) XOR SYND( B ) : ROM( AD, 1 ) =PRI { A) 

FOR C=0 TO 5:P=2AC '201 - 720 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 

IF (PRI (A) AND P)=0 THEN AF=PRI (A)+P+64 ELSE AF=PRI ( A) -P+64 
IF ROM(AE,l)=184 THEN ROM(AE,l)=AF ELSE ROM( AE , 1 ) =18 3 
NEXT 

FOR C=0 TO 5:S=64*2^C '210 - 720 

IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S 
IF ROM(AE,l)=184 THEN ROM( AE , 1 ) =PRI ( A) ELSE ROM ( AE , 1 ) =18 3 
NEXT:NEXT:NEXT 

FOR A=0 TO r5:AD=SYND(A) :ROM(AD,l)=228 ' 100 - 16 

FOR B=0 TO 5:P=2^B '101 - 96 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 
ROMCAE,1)=205 

FOR' C=B+1 TO 5:P=2AC '102 - 240 


IF (AE AND P)=0 THEN AF=AE+P ELSE AF=AE-P 

IF ROM(AF,l)=184 THEN ROM( AF , 1 ) =213 ELSE ROM ( AF , 1 ) =18 3 

NEXT:NEXT 

FOR B=0 TO 5:S=64*2AB '110 - 96 

IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S 

ROM(AE,l)=238 

FOR C=B+1 TO 5:S=64*2ac , '120 - 240 

IF (AE AND S)=0 THEN AF=AE+S ELSE AF=AE-S 

IF ROM(AF,l )=184 THEN ROM( AF, 1 ) =245 ELSE ROM ( AF , 1 ) =18 3 

NEXT:NEXT 

FOR 'B=0 TO 5:P=2aB:FOR C=0 TO 5:S=64*2ac '111 - 596 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 
IF (AD AND S)=0 THEN AE=AE+S ELSE AE=AE-S 
FOR D=0 TO 5;E=2ad 

IF ROM(AE,l)=D THEN ROM ( AE , 1 ) =18 3 :GOTO 3540 
IF ROM(AE,l)=184 THEN ROM(AE,l)=P 
NEXT D 

NEXT C:NEXT B:NEXT A 


FOR A=0 TO 5: FOR B=0 TO 5 
AD=2aa+64*2aB:ROM(AD,1)=235 


■ '011 - 

36 

FOR C=A+1 TO 5:AE=AD+2ac 

IF R0M(AE,1)=184 THEN ROM( AE , 1 ) =24 3 ELSE 
NEXT 

ROM( AE,1 )=183 

'012 - 

90 

FOR C=B+1 TO 5:AE=AD+64*2aC 

IF ROM(AE,l)=184 THEN ROM( AE , 1 ) =24 3 ELSE 
NEXT:NEXT:NEXT 

ROM(AE,l )=183 

' '021 - 

90 

FOR A=0 TO 5: AD=2aA:ROM(AD,1 )=225 


'001 - 

6 

FOR B=A+1 TO 5:AE=AD+2aB:ROM(AE,1)=233 


'002 - 

15 

FOR C=B+1 TO 5:AF=AE+2ac 

IF ROM(AF,l)=184 THEN ROM(AF,l )=241 
NEXT:NEXT:NEXT 


'003 - 

20 

FOR A=0 TO 5:AD=64*2aa:ROM(AD,1 )=226 


'010 - 

6 

FOR B=A+1 TO 5:AE=AD+64*2aB:ROM(AE,1 )=234 


'020 - 

15 

FOR C=B+1 TO 5:AF=AE+64*2AC 

IF R0M(AF,1 )=184 THEN ROM( AF, 1 ) =242 


*030 - 

20 


NEXT -.NEXT: NEXT 


B=0:C=0:FOR A=Q TO 4095:H$=HEX$ (ROM( A,1 ) ) : 'LPRINT ARRAY 

B=B+1:C=C+1: IF LEN(H$)=1 THEN H$="0"+H$ 

LPRINT USING "N \";H$j:IF C<>16 THEN 3770 
C=0: LPRINT" ";HEX$(A) 

IF B<>256 THEN 3790 
B=0; LPRINT: LPRINT 
NEXT 
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I * * * 
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• ****** 


**********************************************************^ 

’DC16AMAP.BAS' Bob Nelson - Sunnyvale CA - 9/15/81 

This program generates the syndrome maps for a primary 
syndrome injection implementation of a 16 bit word two 
bit error correct system utilizing a Rotational Syndrome 
Word Generator as implemented in the DP8400 by National 
Semiconductor. These maps are based on single bit left 
rotation of the secondary matrix. The 'c' and 'd' notes 
in the maps denote non-correc table and non-de tec table 

three bit error conditions 

*********************************************************** 


***** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

***** 


DBF I NT A-Z:DIM SYND(16),PRI(16), ROM ( 1 1 3 2 , 1 ) ; P $ = " PR I MARY " : S $ = ” S EC OND ARY '' 
READ A:B=A:FOR C=0 TO 14:READ D: SYND(C) =D*64+A; PRI (C) =A; A=D 


NEXT:SYND(15)=B*64+A:PRI (15)=D 

DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX 
LPRINT "ONE DATA ERROR SYNDROME MAP”:LPRINT 

FOR A=0 TO 15:LPRINT USING" ##"; A; : LPRINT" NEXT; LPRINT: LPRINT 

FOR A=0 TO 15 -.LPRINT HEX$ { SYND( A ) ) ; " -.NEXT: LPRINT 

FOR A=1 TO 4: LPRINT;NEXT 

LPRINT"'IWO DATA ERROR CORRECT SYNDROME MAP" : LPRINT 

FOR A=1 TO 15:LPRINT US ING" # # " ; A; : LPRINT" -.NEXT; LPRINT: LPRINT 

FOR A=0 TO 14:FOR B=A+1 TO 15 : AD=SYND ( A ) XOR SYND(B) '200 - 120 

ROM(X,l)=AD:H$=HEX$(AD) :IF LEN(H$)=2 THEN H$="0"+H$ 

LPRINT H$;" " ; ; X =X+1 : NEXT B:LPRINT USING"###" ;A 

LPRINT TAB( (A+l)*5+l) ; :NEXT A:FOR A=1 TO 4 : LPRINT; NEXT 

FOR A=0 TO 5:S=64*2aa;FOR B=0 TO 5:P=2^B:FOR C=0 TO 15 '111 - 576 

AD=SYND(C) : IF (AD AND P)=0 THEN AD=AD+P ELSE AD=AD-P 
IF (AD AND S)=0 THEN AD=AD+S ELSE AD=AD-S 
ROM{X,l)=AD:X=X+l:NEXT; NEXT: NEXT: A$=" " 

LPRINT"ONE DATA, ONE PRI, ONE SEC CHECK ERROR SYNDROME MAPS"; LPRINT 
LPRINT: X =120.: FOR A=0 TO 5 ; LPRINT" SECONDARY CHECK BIT" ; A: LPRINT 
FOR F=0 TO 15: LPRINT USING"##" ;F; : LPRINT" ";;NEXT F; LPRINT; LPRINT 
FOR B=0 TO 5: FOR C=0 TO 15: FOR E=0 TO 119 

IF ROM(E,l)=ROM(X,l) THEN A$="d" ; E0=E0+1 ;GOTO 1370 ELSE NEXT E 
FOR D=120 TO 695: IF D=X THEN D=D+1 

IF 'ROM(D,l)=ROM(X,l) THEN A$="c" : E2=E2+1 ELSE NEXT D 
H$=HEX$ (ROM(X,l) ) ; IF LEN(H$)=2 THEN H$="0"+H$ 

LPRINT H$?A$; :X=X+1:A$=" ":NEXT C:LPRINT USING"####" ; B 
NEXT B: LPRINT: LPRINT:NEXT A 

LPRINT" 576 ONE DATA, ONE PRI, ONE SEC CHECK errors are possible." 

LPRINT E0?”TWO DATA errors are not detectable. ": LPRINT E2; 

LPRINT "ONE DATA, ONE PRI, ONE SEC CHECK errors are not correctable." 
LPRINT 100* ( (576-E0)/576 ) -."PERCENT DETECT - 
LPRINT 100* ( (576-E0-E2)/576,- "PERCENT CORRECT" 

FOR A=1 TO 4:LPRINT:NEXT:EA=E0:E0=0:EC=E2:E2=0 

X=0:FOR A=0 TO 15 ; AD=SYND ( A ) ; ROM( X , 1 ) =AD; X =X+1 : NEXT '100 - 16 

FOR A=0 TO 5:P=2^A;FOR B=0 TO 5;S=64*2^B '011 - 36 


AD=P+S .- ROM ( X , 1 ) =AD .- X =X + 1 : NEXT : NEX T 

FOR A=0 TO 15: FOR B=A+1 TO 15: FOR C=B+1 TO 15 '300 - 560 

AD=SYND(A) XOR SYND(B) XOR SYND(C) 

ROM(X,l)=AD;X=X+l: NEXT: NEXT: NEXT 

FOR A=0 TO 5:PO=2^A:FOR B=A+1 TO 5:P1=2ab '102 - 240 

FOR C=0 TO 15: AD=SYND(C) ; IF (AD AND P0)=0 THEN AD=AD+P0 ELSE AD=AD-P0 
IF (AD AND P1)=0 THEN AD=AD+P1 ELSE AD=AD-Pl 


ROM(X,l )=AD:X =X+1: NEXT: NEXT: NEXT 

FOR A=0 TO 5:SO=64*2aA:FOR B=A+1 TO 5:S1=64*2'^B ' '120 - 240 

FOR C=0 TO 15: AD=SYND(C) : IF (AD AND S0)^0 THEN AD=AD+S0 ELSE AD=AD-S0 
IF (AD AND S1)=0 THEN AD=AD+S1 ELSE AD=AD-S1 
ROM(X,l)=AD:X=X+l: NEXT; NEXT: NEXT 

LPRINT"THERE DATA BIT ERROR SYNDROME MAPS" ; LPRINT: LPRINT 
X=52:A$=" ":FOR A=0 TO 13 : LPRINT"DATA bi t" ; A: LPRINT 
FOR D=A+2 TO 15: LPRINT USING"##" ,-D,- : LPRINT" .-NEXT: LPRINT: LPRINT 

FOR B=A+1 TO 14: FOR C=D+1 TO 15: FOR E=16 TO 51 . 

IF ROM(E,l)=ROM(X,l) THEN A$="d " : EO =E0+1 :GOTO 1690 ELSE NEXT E 
FOR F=612 TO 1091 

IF ROM(F,l)=ROM(X,l ) THEN A$="c " : El =E1+1 :GOTO 1690 ELSE NEXT F 
FOR G=52 TO 611: IF G=X THEN G=G+1 

IF ROM(G,l)=ROM(X,l ) THEN A$="c "-.E2=E2 + 1 ELSE NEXT G 
H$=HEX$(ROM(X,l) ) :IF LEN(H$)=2 THEN H$="0"+H$ 

LPRINT H$;A$; :X=X+1: A$=" ":NEXT C:LPRINT USING "###";B 
LPRINT TAB( (B-A) *5+1) ; -.NEXT B: LPRINT: LPRINT-.NEXT A 
LPRINT"560 THREE DATA BIT errors are possible. ": LPRINT EO; 

LPRINT"ONE PRI, ONE SEC CHECK errors are not de tec table LPRINT El; 
LPRINT"ONE DATA, TWO PRI or TWO SEC CHECK errors are not correctable." 
LPRINT E2;"THREE DATA BIT errors are not correctable." 

LPRINT 100*( (560-E0)/560), -"PERCENT DETECT - " ; 

LPRINT 100* ( (560-E0-El-E2)/560 ) ,-" PERCENT CORRECT" 

FOR A=1 TO 4: LPRINT:NEXT A: EA=EA+E0 : EB=EB+El : EC+EC+E2 

LPRINT"ONE DATA, TWO PRIMARY CHECK ERROR SYNDROME MAPS" : LPRINT: LPRINT 
A$=" ";E0=0:El=0:E2=0;FOR A=0 TO 4 ; LPRINT" PRIMARY check bi t" ; A; LPRINT 
FOR F=0 TO 15: LPRINT USING "##" ;F; ; LPRINT" ";:NEXT F: LPRINT: LPRINT 
FOR B=A+1 TO 5:FOR C=0 TO 15: FOR E=852 TO 1091 
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1830 FOR F=52 TO 611 

1840 IF ROM(F,l)=ROM(X,l) THEN A$='^c" :E2=E2+1 :GOTO 1860 ELSE NEXT F 
1850 IF ROM(E,l)=ROM{X,i) THEN A$=''c" :E1-E1 + 1 ELSE NEXT E 
1860 H$=HEX${ROM(X,l) ) :IF LEN(H$)=2 THEN H$="0"+H$ 

1870 LPRINT H$;A$; :X=X+1:A$=" ":NEXT CiLPRINT USING "####” ;B 
1880 NEXT B: LPRINT: LPRINTtNEXT A 

1890 LPRINT"240 ONE DATA, TWO PRIMARY CHECK errors are possible." 

1900 LPRINT El;"ONE DATA, TWO SECONDARY CHECK errors are not correctable." 
1910 LPRINT E2;"THREE DATA BIT errors are not correctable." 

1920 LPRINT"100 PERCENT DETECT - "; 100* (( 240-E1-E2 )/240 );" PERCENT CORRECT" 
1930 FOR A=1 TO 4 : LPRINTtNEXT A: EB=EB+E1+E2 : El =0 : E2=0 

1940 LPRINT"ONE DATA, TWO SECONDARY CHECK ERROR SYNDROME MAPS" .-LPRINT 

1950 LPRINTtFOR A=0 TO 4 ; LPRINT" SECONDARY check b i t" ; A: LPRINT 

1960 FOR F=0 TO 15: LPRINT USING "##" ;F; : LPRINT" ";:NEXT F: LPRINT: LPRINT 

1970 FOR B=A+1 TO 5: FOR C=0 TO 15: FOR E=612 TO 851 

1980 FOR F=52 TO 611 

1990 IF ROM(F,l )=ROM(X,l ) THEN A$="c" :E2=E2 + 1 .-GOTO 2010 ELSE NEXT F 
2000 IF ROM(E,l)=ROM(X,l) THEN A$="c" : E1=E1+1 ELSE NEXT E 
2010 H$=HEX${ROM(X,l)):IF LEN(H$)=2 THEN H$="0"+H$ 

2020 LPRINT H$; A$; :X=X+1:A$=" ":NEXT CtLPRINT USING "####" ;B 
2030 NEXT B: LPRINT: LPRINTtNEXT A 

2040 LPRINT" 240 ONE DATA, TWO SECONDARY CHECK errors are possible." 

2050 LPRINT El; "ONE DATA, TWO PRIMARY CHECK errors are not correctable." 

2060 LPRINT E2; "THREE DATA BIT errors are not correctable." 

2070 LPRINT" 100 PERCENT DETECT - "; 100* (( 240-E1-E2 )/240 ); "PERCENT CORRECT" 
2080 FOR A=1 TO 4 : LPRINTtNEXT A: EB=EB+El+E2 : A$ =" ":C0=1:C1=64 

2090 IF W=1 THEN P$="SECONDARY" : S$="PRIMARY" :C0=64 :C1=1 

2100 X=0:FOR A=0 TO 15: AD=SYND( A) :FOR B=0 TO 5:P=C0*2'\B '101/110 - 96 

2105 IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 
2110 -ROM(X,l )=AE:X=X+1:NEXT BtNEXT A 

2120 FOR A=0 TO 5 : S=C1*2 aa: FOR B=0 TO 15:FOR C=B+1 TO 15 '210/201 - 720 

2130 AD=SYND(B) XOR SYND(C):IF (AD AND S ) =0 THEN AE=AD+S ELSE AE=AD-S 
2140 ROM(X,l)=AE:X=X+l:NEXT CtNEXT BtNEXT A 

2150 FOR A=0 TO' 5:AD=C1*2aa:FOR B=0 TO 4 : AE=AD+C0* 2 ab '012/021 - 90 

2160 FOR C=B+1 TO 5:ROM( X ,1 ) =AE+C0*2aC:,X=X+1:NEXT:NEXT:NEXT 
2170 A$="' ": LPRINT" TWO DATA, ONE LPRINT S$; 

2180 LPRINT" CHECK ERROR SYNDROME MAPS" : LPRINT: LPRINT 
2190' X=96:E0=0:El=0:E2=0:FOR A=0 TO 5:LPRINT S$; 

2200 LPRINT" check bi t" ; A: LPRINT 

2210 FOR F=1 TO 15: LPRINT USING"##" ;F; : LPRINT" , ";:NEXT F: LPRINT: LPRINT 
2220 FOR B=0 TO 14: FOR C=B+1 TO 15, -FOR D=0 TO 95 

2230 IF ROM(D,l)=ROM(X,l) THEN A$="d " : E0=E0+1 :GOTO 2280 ELSE NEXT D 
2240 FOR G=96 TO 815: IF G=X THEN G=G+1 

2250 -IF ROM(G,l)=ROM(X,l) THEN A$="c " : E2=E2+1 :GOTO 2280 ELSE NEXT G 
2260 FOR E=816 TO 905 

2270 IF ROM(E,l)=ROM(X,l) THEN 'A$="c ":E1+El + 1 ELSE NEXT E 
2280 H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN ,H$="0"+H$ 

2290 LPRINT H$ ; A$ ; : X =X+1 : A$ =" ":NEXT CtLPRINT USING"####" ;B 
2300 LPRINT TAB ( (B+1 ) *5+1 ) ; :NEXT B: LPRINT: LPRINTtNEXT A 
2310 LPRINT" 720 TWO DATA, ONE ";: LPRINT MID$ ( S$ , 1 , 3 ) ; 

2320 LPRINT" CHECK errors are possible." 

2330 LPRINT E0;"ONE DATA, ONE LPRINT MID$ ( P$ , 1 , 3 ) ; 

2340 LPRINT" CHECK errors are not de tec table .": LPRINT El; "TWO "; 

2350 LPRINT MID$ ( P$ , 1 , 3 );: LPRINT" , ONE ";:LPRINT MID$ ( S$ , 1 , 3 ) ; 

2360 LPRINT" CHECK errors are not correctable.” 

2370 LPRINT E2;"TWO DATA, ONE ";: LPRINT MID$ ( S$ , 1 , 3 ) ; 

2380 LPRINT" CHECK errors are not correctable." 

2390 LPRINT 100* (( 720-E0 )/720 ); "PERCENT DETECT - "; 

2400 LPRINT 100* (( 720-E0-E1-E2 )/720 ); "PERCENT CORRECT" 

2410 FOR A=1 TO 4 : LPRINTtNEXT: EA=EA+E0 : EB=EB+E1 : EC=EC+E2 

2420 LPRINT" TWO ";:LPRINT MID$ ( P$ , 1 , 3 );: LPRINT" , ONE ";:LPRINT MID$ ( S$ , 1 , 3 ) ; 
2430 LPRINT" CHECK ERROR SYNDROME MAPS" : LPRINT: LPRINT 
2440 X=816:E0=0:El=0:E2=0:FOR A=0 TO 5:LPRINT S$; 

2450 LPRINT" check bi t" ; A: LPRINT 

2460 FOR F=1 TO 5: LPRINT USING "##" ;F; : LPRINT" ";:NEXT F: LPRINT: LPRINT 

2470 FOR D=0 TO 4 -.FOR C=B+1 TO 5 

2480 FOR D=96 TO 815:IF ROM( D, 1 ) =ROM( X , 1 ) THEN A$="c ":E1=E1+1 ELSE NEXT D 
2490 H$=HEX$(ROM(X,l)):IF LEN(H$)=2 THEN H$="0"+H$ 

2500 LPRINT H$ ; A$ ; : X=X+1 : A$=" ":NEXT CtLPRINT USING"##" ;B 

2510 LPRINT TAB( (B+l)*5+l) ; :NEXT B: LPRINT: LPRINT: NEXT A:LPRINT"90 TWO."; 

2520 LPRINT MID$ ( P$ , 1 , 3 );: LPRINT" , ONE ";: LPRINT MID$ ( S$ , 1 , 3 ) ; 

2530 LPRINT" CHECK- errors are possible. ": LPRINT El; "TWO DATA, ONE "; 

2540 LPRINT MID$ ( S$ , 1 , 3 );: LPRINT", CHECK errors are not correctable." 

2550 LPRINT" 100 PERCENT DETECT - 100* (( 90-El )/90 );" PERCENT CORRECT" 

2560 FOR A=1 TO 4 : LPRINTtNEXT A: EA=EA+E0 : EB=EB+E1 : EC=EC+E2 
2570 IF W=0 THEN W=l:GOTO 2090 
2580 FOR A=1 TO 4 : LPRINTtNEXT 

2590 LPRINT" 3290 THREE BIT ERRORS (all types) are possible." 

2600 LPRINT EA;"of these errors cannot be detected." 

2610 LPRINT EB+EC;"of these errors cannot be located." 

2620 LPRINT 100* (( 3290-EA)/3290 ); "PERCENT DETECT - "; 

2630 LPRINT 100* (( 3290-EA-EB-EC ) /3290 );" PERCENT CORRECT" 
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single-bit error syndromes. The error status at this point 
is that of a “one pass” error, and correction proceeds 
accordingly. 

When a zero-pass error or a noncorrectable error 
occurs, the six lsbs from the PROM provide additional 
information. For example, a hexadecimal coded output 
from the PROM [Fig 5(b)] defines a 2-bit error in which 
one bit in error is a data bit and the other a primary 
check bit. The primary ECC device detects a 2-bit error 
while the secondary device detects only the data bit in 


Some types of error do not require 
syndrome injection and are referred to 
as “zero-pass” correctable errors. 

error. Bit 5 of the prom output directs the secondary 
device to output corrected data to the system. In most 
cases, bit 5 is a 1, and corrected data are output from 
the primary ECC device. Bits 0 through 4 of the prom 
output define the error type and the number of bits in 
error (Fig 6) when the MSB (bit 7) is a 1 . When the MSB is 
a 0, syndromes are required for correction, and bits 0 
through 5 represent those syndromes. 


The first of the two programs provided here is called 
“DC16AROM.BAS,” and is a listing in hexadecimal 
representing the contents of the syndrome decoding 
PROM. The file may be presented to an output port for 
loading a PROM programmer if minor program changes 
are made. The second program, called “dci6AMAP.bas,” 
generates all the required syndrome maps, which 
include flags for all correctable 3 -bit errors. These 
programs were written in Microsoft Basic and are 
compilable. 


EH 
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SYntM KSmi/HIMIl? WIBlg 

EFFORTLESS ERROR 
MANAGEMENT 

Basic application of error management techniques is 
based on error history, including the double complement 
error correction cycle 


by Bob Nelson 


W hen implemented only in hardware, error 
management is generally limited to simple error 
logging. In most systems, error logging hardware 
is designed to capture the location of one error and use 
this information for maintenance purposes. In more 
sophisticated systems, however, software extends the 
error management function: after hardware obtains 
error information, data are accumulated on disk to 
expand storage capacity for information relating to 
error locations. Beyond the error information storage 
function of error management, which is useful for 
maintenance, some systems implement a correction pro- 
cedure based on error history. If two errors occur in a 
memory word where an error has previously occurred, it 
is likely that both errors can be corrected. The basic 
error management system described in this article will 
provide a high correction rate for all 2-bit errors, except 
when two soft errors simultaneously occur in a memory 
word with no error history. 

Error management system 

The error management system comprises the central 
processing unit (CPU), the system memory, an error 
checking and correction (Ecc) device, and an error 
management unit (emu). The CPU is a 16-bit machine 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 


and requires commensurate memory. Actual memory, 
including the six check bits that the ecc device requires, 
is 22 bits wide. The ECC device is based on the DP8400 
monolithic ecc unit manufactured by National Semi- 
conductor. The EMU is a hypothetical device that can be 
implemented in hardware, partially or entirely, depending 
on system requirements. 

The DP8400 provides several functions and features 
that allow easy implementation of a minimum hardware 
error management system. Error indicating syndrome 
words must be available to the emu directly and syn- 
drome injection capability must exist. (See “Simplifica- 
tion of 2-Bit Error Correction,” Jan 1982, pp 127-136, 
for a discussion of the dp8400’s syndrome input/output 
ports.) The DP8400 also provides the hardware required 
to perform a double complement correct cycle. Error 
flags must be provided to discriminate between 2-bit 
and detectable 3-bit errors; the DP8400 provides three 
such flags to include this function. 

Vertical columns in the matrix shown in Fig 1 repre- 
sent the single data bit error indicating syndrome 
words. A double data bit error syndrome word results 
from exclusive ORing (XOR) the two single-bit error 
indicating syndrome words that correspond to the 
bit locations in error. A detectable triple data bit syn- 
drome word is any one of the ten syndrome words, not 
included as part of the matrix, which contains either 
three or five Is. Syndrome words that represent check 
bit errors contain Is in the syndrome word bit positions 
corresponding to the check bits in error, and Os in the 
remaining bit positions. ‘An error condition involving 
the data and check bit fields provides a syndrome word 
that represents the data bit(s) in error, xoRed with a 
syndrome word representing the check bit(s) in error. 

Error management unit 

The EMU is memory intensive and uses memory in the 
form of an associative stack. Three fields constitute 
each of the 16 words in the stack: the 8-bit address field, 
which is the associative portion of the word; the 2-bit 


Published in Computer Design, February, 1982. 
Reprinted by permission. 
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111111 
01 2345678901 2345 
LSB error locations MSB 


0 0 11111 
0 0 0 1 0 0 1 
10 0 1 10 0 
0 1 1 0 0 0 0 
1 1 0 0 0 1 0 
1110 111 


10 1110 1 
0 110 10 1 
0 10 10 11 
11110 10 
1 10 0 10 1 
0 1 0 0 0 1 1 


11 LSB 0 

11 I 1 

1 1 syndrome 2 

1 1 words 3 

0 1 I 4 

1 0 MSB 5 


Fig 1 DPMOO syndrome word generator. Presenting errors to 
unique matrix produces syndrome words. 


tag field; and the 6-bit syndrome field (Fig 2). The pointer 
addresses the stack. The EMU also contains a syndrome 
comparator, a temporary syndrome register, and a tag 
bit attribute register and comparator. The EMU 
monitors most Ecc flags and provides flags of its own 
both to the ecc device and to the CPU; monitoring the 
memory address and comparing that address to the 


I address | j^j^g | syndromes | 
Word 0 76543210 10 543210 


Word 15 76543210 10 543210 


Fig 2 Associative stack organization. Of 16-bit address, 
•eight address bits are most significant bits. Tag bits indicate 
type of error, and syndrome bits contain syndrome word. 

stack’s address field is a major function of the emu. 
When the “stack full” flag is off, however, the number 
of words in the match area is limited by the location of 
the stack pointer. If a match occurs, ie, if the current 
memory address is an address at which an error occurred 
previously, the information obtained from the previous 
error can be used to correct more than one error bit. 
Each EMU function will be defined in a subsequent sec- 
tion of this article. 


Single-bit error: first occurrence 

Absence of a match, accompanied by single-bit error 
indicating flags, defines the first occurrence of such an 
error in the current 
address. The error may 
be in the data bit or check 
bit field of memory. Er- 
ror address, tag bits (Fig 
3), and single-bit error 
indicating syndrome 
word are stored in the 
EMU stack. Tag bits are 
assigned a value of 00, 
indicating a soft single-bit 
error. The stack pointer is 
then incremented and the 
ECC device corrects 


Tag Bits 

Information Status 

00 

soft single-bit error 

01 

firm single-bit error 

10 

hard single-bit error 

11 

hard double-bit error 


Fig 3 Tag bit field of stack 
indicates error type for more 
efficient processing by error 
management system. Tag bit 
field could be extended in 
other systems to provide more 
error information. 


the single-bit error in the usual way. Stored syndromes 
contain an odd number of Is. In Fig 4, data bit 5 fails at 
memory address 52 hex, check bit 3 fails at address 45 
HEX, and data bit 9 fails at address C7 HEX. Since the 
errors have not occurred previously at these addresses, 
they are given a tag bit value of 00. Logging errors 
should not impact the speed or function of the ECC 
system in performing single-bit error correction. 

Double-bit error: first occurrence 

When a double-bit error occurs at an address with no 
error history, the EMU exercises the only available 
option, a double complement correct cycle. As the ECC 
device enters the complement write mode, the syndrome 
word that represents the double-bit error condition is 
stored in the temporary syndrome register. .Then the 
ECC system performs a double complement correct cycle 
to generate a second set of error flags. If two soft errors 
caused the initial indication of a 2-bit error, the second 
set of error flags will also indicate two errors and repre- 
sent a noncorrectable condition. Any double-bit error 
situation other than that of two soft errors will produce 
error flags that indicate a correctable condition at the 
conclusion of the double complement correct cycle. 

One hard and one soft 

Error flags produced after the second complement of 
the double complement correct cycle indicate a single 
error if the initial error condition was one hard and one 
soft. At that point, the hard error will have been “cor- 
rected” and the remaining soft error indicated. The ECC 
device will generate a new single-bit error indicating syn- 
drome word, which the EMU will XOR with the previ- 
ously stored double-bit error indicating syndrome word. 
The result, which is the single-bit hard error indicating 
syndrome word, is stored in the stack. 

To identify the bit as a single hard error, the tag bit 
field is set to a value of 10. After the error information 
is stored, the stack pointer is incremented. The ECC 
device corrects the single error in the usual manner. The 
remaining soft error may be either a check bit error or a 
data bit error. Fig 5 illustrates a soft error in data bit 
location 2 and a hard error in data bit location 11. A 
double complement cycle corrects the error in location 
1 1 . Representing the soft error, a new syndrome word is 
then xoRed with the original syndrome word to produce 




1 error address 

1 tag 

bits 

syndromes | 


Word 

0 

10100010 

0 0 

1 1 0 0 0 1 

data bit 5 

Word 

1 

01000101 

0 0 

0 0 1 0 0 0 

check bit 3 

Word 

2 

11000111 

0 0 

0 0 10 11 

data bit 9 

Word 

3 

XXXXXXXX 

X X 

X X X X X X 


Word 15 

XXXXXXXX 

X X 

X X X X X X 



Fig 4 Logging errors on emu stack. Single-bit errors 
occurring at addresses with no previous error history receive 
tag bit value of 00. 
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1st error 0010000000010000 111010 2 and 1 1 
D->D 1101111111101111 000101 complement 
2nd read 1101111111111111 0001 01 1 1 corrected 
D— 0010000000000000 111010 complement 


101001 new syndromes 


i_ 


010011 2 + 11 XOR 2 = 11 


(a) 


tag 

error address syndromes 


Word 3 0 0 1 1 0 1 1 0 1 0 
Word 4 0 110 110 1 10 

(b) 


10 1001 
0 1 0 0 0 0 


data bit 2 
check bit 4 


Fig 5 After correcting hard error in bit position 11 (a)^ 
system stores hard error syndrome on associative stack (b) 
and sets tag bit field to indicate single-bit hard error. 





tag 

1 




error address 

bits 

syndromes 


Word 

0 

10100010 

0 0 

1 1 0 0 0 1 

data bit 5 

Word 

1 

01000101 

0 0 

0 0 1 0 0 0 

check bit 3 

Word 

2 

11000111 

0 0 

0 0 10 1 1 

data bit 9 

Word 

3 

00110110 

1 0 

10 10 0 1 

data bit 2 

Word 

4 

01101101 

1 0 

0 1 0 0 0 0 

check bit 4 

Word 

5 

10000100 

1 1 

101000 

2 hard 

Word 

6 

xxxxxxxx 

X X 

xxxxxx 


Word 1 5 

xxxxxxxx 

XX 

X X X X X X 



Fig 6 Contents of emu’s stack containing initial occurrence 
of each error type. 


the syndrome word that represents the hard error. These 
hard error syndromes are stored as shown in Fig 6, 
which also shows the storage of a hard check bit error at 
address 6D HEX. 

Two hard 

An ECC “no-error” flag, following a double comple- 
ment correct cycle, indicates an initial error condition of 
two hard errors. Data following the second complement 
are correct; sinde no error exists, a syndrome word of all 
zeros is generated. The emu will store the error address, 
the tag bits, and the contents of the temporary register. 
Tag bits will be given a value of 1 1 , indicating a double- 
bit hard error. The stored syndrome word is then xoRed 
with the contents of the temporary syndrome register 
and the new syndrome word from the ECC device (as 
with a one soft/one hard error condition), and the stack 
pointer is incremented. In this example, the information 
obtained from a double-bit hard error at address 84 
HEX, including a syndrome word of 101000, is stored. A 
2-bit error indicating syndrome word provides no infor- 
mation regarding the location of the errors. Errors in 
data bit locations 13 and 15, for example, produce the 
stored syndrome word ^ would errors in check bit loca- 
tions 3 and 5. Fig 6 illustrates the contents of the 
associative stack portion of the emu following the first 
occurrence of each type of error discussed. Word 5 in 
the stack represents the double-bit hard error. 


Logging the errors 

As errors occur at new addresses, error data are stored 
in the stack and the stack pointer is incremented. When 
information is entered in stack word 15 a “stack full” 
flag is set. The stack full flag directs the pointer to the 
lowest word address location in the stack containing the 
value 00 in the tag bit field. After storing data, the stack 
pointer goes to the next highest word address location 
that contains a 00 in the tag bit field. The stack contains 
the most recent error addresses at which single-bit soft 
errors occurred and all addresses at which firm or hard 
errors occurred. When no tag bit field contains 00, the 
“overflow” flag is provided and no additional stack 
storage occurs. However, logged error information is 
available to the system. One of the DP8400 modes, for 
example, allows data to be provided to the syndrome 
input/output ports and output through the data input/ 
output ports, a capability that allows the error inforn^- 
tion to be dumped to the system disk for an additional 
level of storage. In another mode, the DP84(X) can inter- 
nally transfer data from the data input to the syndrome 
output, allowing the stack to be loaded from the system 
disk via the data bus. 

Error locations are stored in real time by the logging 
procedure. Error resolution is defined by the correspon- 
dence of the memory address bits to the emu address 
inputs. The EMU described here has eight address inputs 
that allow chip level error resolution in a IM-byte memory 
system when 64k-bit dynamic random access memories 
are used. Since the EMU does not monitor the least signi- 
ficant eight memory address lines, error information— 
specifically the address and syndromes as stored in the 
EMU— represents a memory chip location. If a “read 
error” match occurs, only the tag bits and/or the stored 
syndrome word may be updated. Therefore, each unique 
error address can exist in a single stack location. Each 
stored word location defines one defective bit (chip) loca- 
tion if the syndrome word indicates a single-bit error. In 
some cases, the error information will represent two hard 
errors, which normally cannot be located. 


Relocating the errors 

In response to new error information, it may be 
desirable to change the error locations as defined by the 
syndrome words stored in the EMU. If a single-bit error 
is accompanied by an address match and tag bits repre- 
senting a stored single-bit soft error, but if the syndrome 
comparison indicates that a different bit is in error, the 

syndrome field of the 
matching stack word 
should be changed to 
the new syndrome 
word. The ECC will 
correct the single-bit 
error in the normal 
manner, and the most 
recent soft error 
information for that 
memory address will 
be maintained. Previ- 
ous soft error infor- 
mation can be off- 
loaded to a secondary 
storage device prior to 
the update. 


Stored Error 

Tags 

Detected Error 

1 bit, firm 

01 

1 soft, 1 hard 

1 bit, hard 

10 

1 soft, 1 hard 

1 bit, soft 

00 

1 soft, 1 hard 

1 bit, soft 

00 

2 soft 

1 bit, firm 

01 

2 hard 

1 bit, hard 

10 

2 hard 


Fig 7 Errors for syndrome 
injection in order of 
probability. Syndrome 
injection in the dp8400 allows 
faster correction than double 
complement method. 
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Maintenance help 

Maintenance tools are a by-product of the emu system. 
During the ECC procedure, error locations are identified 
and error types determined, emu generated flags, which 
are provided when the stack contents reach a defined 
level, allow the error information to be offloaded to the 
system disk and the emu to be cleared and reloaded with 
selected error information from disk. After the error 
information is loaded on disk, the system can be 
powered-down for maintenance. Following system 
power-up, suspect information about error location 
may be written to the emu. This extended logging 
capability is part of the total error management system. 

Redefinition 

When a single-bit error occurs in a location at which a 
single-bit error has occurred previously, and the stored 
syndrome word is the same as the single-bit error indi- 
cating syndrome word generated by the ECC device, it 
may be necessary to redefine the error type. If the match 
provides tag information indicating a soft error (tag 
field = 00), the tag field will be changed to 01 to indi- 
cate a single-bit firm error. Such a redefinition is valid. 
For instance, a firm error may be an unproved hard 
error or an error-prone memory device sensitive to' 
alpha particles, system noise, or both. Such an error can 
be treated as either a soft error or a hard error, or be 
given a definition based on the present error. For the 
purpose of this discussion, a firm error will be treated as 
a hard error. 


With... double complement correct 
cycles, 100% of 2 -bit errors can be 
corrected when... one of the errors is 
hard, regardless of... error history. 


Although a soft error can occur in any given location 
within a chip, a second soft error is most likely to occur 
within the same chip. Error-prone chips are identified 
and tagged as firm error locations. In the EMU, both the 
syndromes and the address field are compared, pro- 
viding higher error resolution within a word. In this 
EMU, the tag bit field is updated and the syndrome field 
is rewritten (if the second error is not in the same chip, 
the most recent single-bit error location in that word will 
be stored). The ECC device corrects the single-bit error 
in the normal manner. 

Double-bit error: subsequent occurrence 

When a double-bit error occurs and the EMU obtains a 
match, the contents of the tag bit field dictate the pos- 
sible courses of action (Fig 7). If the tag bits are 11, for 
example, a double complement correct cycle is the only 
option. If the tag bits indicate a single-bit hard error 
location, a double complement correct cycle could be 
implemented. On the other hand, it is reasonable to 


assume that the stored syndrome word represents one of 
the two present error locations; in that case the error can 
be corrected without additional memory cycles. 

One hard-one soft, one hard 

If a match is obtained, tag bits are 10, and a 2-bit error 
has been detected, it is most likely that one error is soft 
and the other hard. Syndrome injection will obtain the 
fastest correction. The syndrome word in the stack, 
which usually represents the hard error location, is 
presented to the DP8400. There it is xoRed with the inter- 
nally generated syndrome word to provide the resulting 
soft error syndrome word, which is then presented to 
the syndrome decoder. After the ECC device corrects the 
soft error, it generates new check bits and zero syn- 
dromes. xoRing the new syndromes with the still- 
injected hard error syndrome word, the unit decodes the 
hard error location and corrects the second error. This 
procedure allows correction of 2-bit errors without 
additional memory cycles, once the location of the hard 
error has been determined. Although a firm error is 
treated as a hard error, it must be given special consid- 
eration during system maintenance. 

One soft-one soft, one hard 

If a 2-bit error is detected and a match obtained with a 
tag of 01, the highest probability is that one error is soft 
and one is hard. The syndrome word from the stack is 
injected into the DP8400, where it is xoRed with the inter- 
nally generated syndrome word, providing the result to 
the syndrome decoder. Correcting the soft error, the 
ECC device generates new check bits and syndromes, 
xoRs the new syndromes with the still-injected hard 
error syndrome word provided by the emu, decodes the 
known error location, and corrects it. When the loca- 
tion of one error has been determined, this procedure 
allows high speed correction of 2-bit errors without 
additional memory cycles. 

One soft-two soft 

If a match is obtained, tag bits are 01, and a 2-bit error 
is detected, both errors are probably soft ^d can be 
corrected by syndrome injection. The syndrome word in 
the stack (which often represents one of the soft error 
locations) is presented to the DP8400, where it is xoRed 
with the syndrome word, generated internally to provide 
the unknown soft error syndrome word to the syndrome 
decoder. Correcting the soft error, the ECC device 
generates new check bits and zero syndromes. xoRing 
the new syndromes with the still-injected “known** soft 
error indicating syndrome word, it decodes the error 
location and corrects the second error. Thus, two soft 
errors can be corrected if the location of one is known. 

One firm or hard-two hard 

If two hard errors occur at an address where a single-bit 
hard error has been recorded previously, syndrome 
injection will usually accomplish the correction. The 
syndrome word in the stack, which most likely repre- 
sents one of the hard error locations, is presented to the 
DP8400 where it is xoRed with the internally generated 
syndrome word, providing the result to the syndrome 
decoder. The ECC device corrects the first error and 
generates new check bits and zero syndromes. xoRing 
the new syndromes with the still-injected “known** 
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error indicating syndrome word, the unit corrects the 
second error. This procedure allows high speed correc- 
tion of two hard errors when the location of one is 
known. 


Double complement 

The double complement error correction cycle is effec- 
tive for locating hard errors in an error management 
system. This technique is effective when speed of error 
correction is of less concern than system integrity. Use 

of the double com- 
plement correct 
cycle following the 
detection of every 
error enhances 
error determina- 
tion and correc- 
tion. Immediate 
determination of 
single-bit hard 
errors improves the 
possibility that 
double-bit errors 


Stored Error 

Tags 

Detected Error 

1 bit, soft 

00 

2 hard 

1 bit, firm 

01 

2 soft 

1 bit, hard 

10 

2 soft 


Fig 8 Errors for double 
complement correction. When 
speed is of less priority, 
double complement method 
allows more precise error 
detection, logging, and 
correction. 


in the same defined address can be corrected. The next 
level of error detection and correction efficiency, using 
the double complement correct cycle for each detected 
error, includes those error types noted in Fig 8. 


One soft-two hard 

A no-error indication from the ECC device following the 
double complement correct cycle will complete the defi- 
nition of the error type— defined as a 2-bit error by the 
syndrome word stored in the temporary syndrome regis-, 
ter— as a 2-bit hard error. If a match occurs but the tag 
bit field indicates a single-bit soft error, the tag bit field 
.can be changed to 11, indicating two hard errors, and 
the syndrome field replaced with the contents of the 
temporary syndrome register. Error information can be 
offloaded to a secondary storage device before this 
update. 


One firm or hard-two soft 

If the ECC device generates error flags indicating a 
double-bit error at the conclusion of the double comple- 
ment correct cycle, the 2-bit error that instigated the 
cycle remains and contains two soft errors. Since the only 
recorded error at the current memory location is hard, 
the errors are not recoverable and system operation ter- 
minates. In some systems, a firm error may be defined 
as a soft error, and data may be recovered. When off- 
loading of soft errors Js practiced, the disk or other 
storage mechanism can be interrogated for prior mem- 
ory errors at the current address. These soft errors can 
be corrected if proper information is available. 


Two hard-double error 

When a match occurs and the tag bits indicate that an 
earlier 2-bit error has been recorded for the present 
memory address, ECC device’s error flags identify the 
error type after the double complement correct cycle. If 
the present error is soft, system operation must be ter- 
minated — assuming that no additional relevant infor- 
mation regarding errors at this address is available from 
other sources. If the second set of error flags indicates 
that the present error is a 2-bit hard error, the errors can 
be corrected. Comparing the syndrome words in the 
temporary syndrome register and the stack will provide 
additional information. If the syndrome words do not 
match, three or four hard errors exist and system opera- 
tion must be terminated. 

Locating two hard errors 

When the presence of two hard errors has been deter- 
mined, a subsequent access at the same address will 
most likely indicate a single-bit error. If the single-bit 
error is in one of the two locations that had defined the 
previous 2-bit hard error, adequate information is 
available to locate the other error. The temporary syn- 
drome register will store the single-bit error indicating 
syndrome word. Data are corrected by the double com- 
plement correct cycle, and the syndrome word in the 
stack can be replaced by the contents of the temporary 
syndrome register. The double-bit hard error indicating 
syndrome word can be offloaded and the word replaced. 
The new word will then be offloaded and xoRed with 
the first syndrome word, keeping the result in the sec- 
ondary storage element. Secondary storage is available 
for interrogation if additional errors occur in the same 
address. In more sophisticated error management sys- 
tems, additional tag bits are made available in the emu 
stack. One of these tag bits can be used to indicate that 
additional error information exists in secondary storage 
for that error address. 

Summary 

The simplified error management system presented here 
allows correction of double-bit errors if one of the 
errors has previously occurred. With the use of double 
complement correct cycles, lOO^o of 2-bit error correc- 
tion is provided when at least one of the errors is hard, 
regardless of previous error history. Enhanced error 
logging is provided with error type determination capa- 
bility. Maintenance aids are provided through the 
DP8400’s bidirectional data transfer capability between 
the syndrome input/output and data input/output ports. 
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National 

iulSennicon 


Jtm Semiconductor 

DP84300 Programmable Refresh Timer 

General Description Features 


Dynamic Memory Support 

PRELIMINARY 


The DP84300 programmable refresh timer is a logic device 
which produces the desired refresh clock required by all 
dynamic memory systems. 

Additional circuitry has been included in the device to 
minimize logic required by memory systems to perform 
refresh control. 


One chip solution to produce RFCK timing for the 
DP8408 and DP8409 dynamic RAM controllers 
Programmable refresh clock timer allows for a maxi- 
mum refresh period with most system clocks 
Timing Is completely synchronous with the input 
clock, preventing race conditions present In some 
memory controllers 

Includes a refresh request output, simplifying the 
design of refresh logic in discrete controllers 


Connection Diagram 
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Order Number DP84300N-3 
See NS Package N24C 
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Recommended Operating 
Conditions (Commercial) 



Min Typ 

Max 

Units 

Vcc, Supply Voltage 

4.75 5.00 

5.25 

V 

•oH, High Level Output Current 


-3.2 

mA 

Iql, Low Level Output Current 


16 

mA 

Ta, Operating Free Air 
Temperature 

0 

75 

“C 


Eiectricai Characteristics over recommended'operating temperature range 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V,H 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

V|C 

Input Clamp Voltage 

Vcc=Min, l|= -18 mA 



-1.5 

V 

< 

O 

X 

High Level Output Voltage 

Vcc = Min, V,H = 2V, V,L = 0.8V, Iqh = Max 

2.4 



V 

VoL 

Low Level Output Voltage 

Vcc = Min, V,H = 2V, V|i_ = 0.8V, Iql = Max 



0.5 

V 

•OZH 

Off-State Output Current 

High Level Voltage Applied 

Vcc = Max, V,H = 2V, Vq = 2.4V, V,l = 0.8V 



100 

/.A 

•OZL 

Off-State Output Current 

Low Level Voltage Applied 

Vcc = Max, V,H = 2V, Vq = 0.4V, V|l = 0.8V 



-100 

fiA 


Input Current at 

Maximum Input Voltage 

Vcc = Max, V| = 5.5V 



1.0 

mA 

l|H 

High Level Input Current 

Vcc = Max, V, = 2.4V 



25 

/xA 

l|L 

Low Level Input Current 

Vcc = Max, V, = 0.4V 



-250 

/.A 

I OS 

Short Circuit Output Current 

Vcc = Max 

-30 


-130 

mA 

•cc 

Supply Current 

Vcc = Max 


150 

180 

mA 


DP84300-3 SwitChinQ ChsraCtGriStiCS over recommended ranges of temperature and Vcc 


Symboi 

Parameter 

Conditions 

RL = 667n 

Commercial 

TA = 0®Cto -i-75®C 

Vcc = 5.0V ±5% 

Units 

Min 

Typ 

Max 

^PD 

Clock to Output 

Cl = 45 pF 


15 

25 

ns 

tpzx 

Pin 13 to Output Enable 


15 

25 

ns 

tpxz 

Pin 13 to Output Disable 

Cl = 5pF 


15 

25 

ns 

tpzx 

Input to Output Enable 

Cl = 45 pF 


25 

35 

ns 

tpxz 

Input to Output Disable 

Cl=5pF 


25 

35 

ns 

tw 

Width of Clock 

High 


25 



ns 

Low 


25 



ns 

tsu 

Set-Up Time 


35 



ns 

tH 

Hold Time 


0 

-15 


ns 
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Mnemonic Description 


INPUT SIGNALS 


CLOCK 


A-H 


REFRESH 

OE 

CE 


Provides a time base for the programmable 
divider. 

Program inputs A through H. These inputs 
select the number of clock cycles that will 
produce one refresh period. These inputs 
are binary encoded, with input A the LSB, 
and H the MSB. Additionally, all zeros pro- 
duce the maximum count of 256, and an 
input of one will reset the counter to one. 
This in put is us ed to reset the refresh request 
output (RFRQ). 

Output enable. Places the outputs in 
TRI-STATE®. 

Counter enable. This input, when low, 
enables the timer clock and, when high, 
stalls the timer. 


OUTPUT SIGNALS 

QA-QH Refresh timer outputs QA through QH. Timer 
starts at programmed input and counts 
down to one. 

RFRQ Refresh request. This output goes low on the 
rising edge of the refresh cloc k (RFCK). T he 
first input clock edge after the REFRESH In- 
put is set low clears this output. 

RFCK Refresh clock. The period of the clock Is 
determined by setting conditions on Input 
pins A through H. This output is low for 20 
clocks, and high for the remainder of the 
period. 


Functional Description 

The DP84300 block diagram is shown In Figure 1. This cir- 
cuit is basically an 8-bit programmable counter. The user 
selects the number of input clock cycles required per 
refresh period and sets the binary equivalent on inputs A 
through H. A signal of that period is produced at the 
refresh clock (RFCK) output. This output stays low for 20 
clock cycles, and goes high for the balance of the period. 


When used with the DP8409 dynamic RAM controller, this 
duty cycle allows the DP8409 the maximum probability to 
perform a hidden refresh, while still allowing ample time 
for the DP8409 to perform a forced refresh when needed. 

An additional output is provided to ease the design of 
systems that d on’t use the DP8409. This output is called 
refresh request (RFRQ). Refresh request becomes true at 
the rising edge of refresh clock, and becomes false on the 
first rising edge of the input clock after a refresh. 

In systems where ^ivisor of more than 256 is needed, an 
expansion input (CE) has been provided. When this input 
is high, all counter-relate d timing is suspended. This ex- 
cludes actions due to the REFRESH input. The circuits in 
Figures 2a and 2b show how to expand the range of the 
timer by 2x or by up to 4096 clock cycles. Figures 3a and 3b 
show two typical applications using the DP84300. 

By using the clock enable input, it is also possible to 
change the duty cycle of the refresh clock. The circuits in 
Figures 4a and 4b show how this may be done. 

To reset the counter to a known state, select an input 
divisor of one. On the next clock edge the counter will 
reset to one. On the next clock edge whatever Input 
divisor that is present on input A-H will be loaded Into 
the counters. 


TABLE I. DIVIDER CONSTANTS FOR GENERATION OF A 
15.5 /iS CLOCK 


CPU Clock 
Frequency 

Divisor 

Input 

Actual Period 
of Output 

% Chance of 
Hidden Refresh 

2 MHz 

31 

15.5 fis 

35% 

3 MHz 

46 

15.3 liS 

56% 

4 MHz 

62 

15.5 liS 

67% 

5 MHz 

77 

15.6 fis 

74% 

6MHz 

93 

15.5 fiS 

78% 

7 MHz 

109 

15.6 /iS 

81% 

8 MHz 

124 

15.5/iS 

83% 

9 MHz 

140 

15.6 fiS 

85% 

10 MHz 

155 

15.5 ns 

87% 



Period of RFCK = 2x program input Period of RFCK 2 = program A x program B 

RFCK is low for 20x program 1 clocks 
Maximum period of RFCK is 4096 clocks 


FIGURE 2a. Expansion of Clock Divisor by 2x FIGURE 2b. Typical Expansion for the DP84300 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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DP84312 



National 

Semiconductor 


Dynamic Memory Support 

PRELIMINARY 


DP84312 Dynamic RAM Controiier interface Circuit 


for the NS16032CPU 

General Description 

The DP8431 2 dynamic RAM controller interface is a Pro- 
grammable Array Logic (PAL)* device which ailows for 
easy interface between the DP8409 dynamic RAM Con- 
troller and the NS16032 microprocessor. 

Using timing signals from the NS16201 timing and control 
unit and the NS16032, the DP84312 supplies all control 
signals needed to perform memory read, write, byte write, 
and refresh. . 


*PAL is a registered trademark of Monolithic Memories, Inc. 


Features 

■ Low parts count memory system 

■ Allows the DP8409 to perform hidden refresh 

■ Allows for the insertion of wait states for slow dynamic 
RAMS 

■ Supplies independent CASs for byte writing 

■ Possibility of operation at 8MHz with no wait states 

■ 20-pin 0.3 inch wide package 

■ Standard National Semiconductor PAL part 
(DMPAL16R6) 

■ PAL logic equations can be modified by the user for 
his specific application and programmed Into any of 
the PALs in the National Semiconductor PAL family, 
including the new high speed PALs. 


Connection Diagram 


Dual-ln-Line Package 



Order Number DP84312N-3 
See NS Package N20A 
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Recommended Operating 
Conditions (Commercial) 



Min Typ 

Max 

Units 

Vcc, Supply Voltage 

4.75 5.00 

5.25 

V 

•oHj High Level Output Current 


-3.2 

mA 

IqL) Low Level Output Current 


24 

(Note 2) 

mA 

Ta, Operating Free Air 
Temperature 

0 

75 

°C 


Electrical Characteristics over recommended operating temperature range 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

V,c 

Input Clamp Voltage 

Vcc=Min, l(= -18 mA 



-1.5 

V 

X 

o 

> 

High Level Output Voltage 

Vcc = Min, V,H = 2V, V,l= 0.8V, Iqh = Max 

2.4 



V 

Vql 

Low Level Output Voltage 

Vcc= Min, V,h = 2V, V,l=0.8V, !ol= Max 



0.5 

V 

•oZH 

Off-State Output Current 

High Level Voltage Applied 

Vcc = Max, V,H = 2V, Vo = 2.4V, V,l= 0.8V 



100 

nA 

•OZL 

Off-State Output Current 

Low Level Voltage Applied 

Vcc = Max, V|h = 2V, Vo = 0.4V, V,l=0.8V 



-100 

fiA 


Input Current at 

Maximum Input Voltage 

Vcc = Max, V, = 5.5V 



1.0 

mA 

•iH 

High Level Input Current 

Vcc = Max, V, = 2.4V 



25 

fiA 

l|L 

Low Level Input Current 

Vcc = Max, V, = 0.4V 



-250 

fiA 

Iqs 

Short Circuit Output Current 

Vcc = Max 

-30 


-130 

mA 

Icc 

Supply Current 

Vcc = Max 


150 

225 

(Note 1) 

mA 


DP8431 2-3 SwitChinQ CharaCtGriStiCS over recommended ranges of temperature and Vcc 


Symbol 

Parameter 

Conditions 

Rl = 667U 

Commercial 

Ta = 0‘‘C to -l-75°C 

Vcc = 5.0V ±5% 

Units 

Min 

Typ 

Max 

two 

WAITINto WAIT Delay 

Cl = 45 pF 


25 

40 

ns 

tpD 

Clock to Output 

Cl = 45 pF 


15 

25 

ns 

tpzx 

Pin 11 to Output Enable 

Cl = 45 pF 


15 

25 

ns 

tpxz 

Pin 11 to Output Disable 

Cl = 5pF 


15 

25 

ns 

tw 

Width of Clock 

High 


25 



ns 

Low 


25 



ns 

tsu 

Set-Up Time 


40 



ns 

th 

Hold Time 


0 

-15 


ns 


Note 1: Icq = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 mA. 
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System Block Diagram 



Mnemonic Description 

INPUT SIGNALS 

CLK Clock input. This clock comes from the FOLK 

output of the NS16201 timing and control 
unit, and supplies timing for the internal 
logic. 

RASIN RAS input. This input is connected to the 
NTSO pin of the NS16201. This signal marks 
the start of a memory cycle. 

RFRQ Refresh request. The DP8409 requests a 
forced refresh with this input. 

HBE, AO Address select Inputs. These inputs select 
the type of write durin g a w rite cycle, and 
select their respective CAS outputs. These 
inputs must remain stable throughout the 
memory cycle. 

WAITIN This wait input allows other devices to use 
the NCWAIT line of the NS16201 clock chip. 

CTTL System clock input. This clock is used to syn- 
chronize the memory system to the micro- 
processor clock. 


CS Chip select. This input is used to determine if 

a memory cycle or a hidden refresh cycle is 
to be performed. 

WAIT1 Insert one wait state. This input allows the 
use of.slow memories with a microprocessor 
using a fast clock by inserting a wait state in 
selected memory cycles. 

Vcc, GND 5.0V ±5%. 

OUTPUT SIGNALS 

RFSH Refresh. This output switches the DP8409 to 
a refresh mode. 

CAS H, CAS outputs. CASH is for controllin g th e 

CASL high bank o f dyn amic RAMs, while CASL 

controls the CAS line of the lower bank of 
RAMs. If only eight RAMs are used in each 
bank, the CAS outputs will directly drive the 
memories. For larger arrays, these outputs 
should be buffered with a high current driver, 
such as the DP84244 MOS driver. 

WAIT This output controls the inserti on of w ait 
states. This output is ORed with WAITIN to 
allow other devices to insert wait states. 
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Functional Description 

The DP84312 detects the start of a memory cycle when 
NTSO from the NS16032 timing and control u nit (TC U) 
goes low. The NTSO signal Is also used to supply RASIN to 
the DP8409 dynamic RAM control ler. After the DP8409 has 
latched the row address and supplied the column address 
to the DRAMs, the DP8431 2 latc hes the column address. 
The DP84312 supplies two CAS outputs, one for the high 
byte of memory, and the other for the low byte. The ability 
to control the upper and lower bytes of memory separately 
is important during a memory write cycle where one byte 
of memory is to be written (byte write). 

By connecting WAIT1 of the DP84312 to ground, all 
selected memory cycles will have one wait state inserted. 
This allows an NS16032 operating at high CPU clock fre- 
quencies to use slower dynamic RAMs. 

Memory refresh may be achieved in one of two ways: hid- 
den or forced. Hidden refresh Is accomplished whenever a 
refresh is requested (Internal to the DP8409) and an unse- 
lected memory cycle occurs. With a hidden refresh, the 
DP84312 does nothing while the DP8409 performs the 
refresh. If no refresh has occurred before the trailing edge 
of refresh clock, the DP8409 will request a forced refresh. 
The DP84312 detects this request, and allows the current 
memory cycle to finish. It then outputs wait states to the 
CPU, which will hold the CPU If It requests a memory 
cycle. During this time the DP84312 has switched the 
dynamic RAM controller to the auto refresh mode, allow- 
ing it to perform a refresh. At the end of the refresh cycle, 


Timing Diagrams 


the DP8409 is switched back to the a uto ac cess mode, and 
the wait is removed after a sufficient RAS precharge time. 
The total forced refresh takes four CPU clock cycles; of 
which some, none or all may be actual wait states. If the 
CPU does not request a memory cycle during this refresh 
cycle, the refresh will not impact the CPU's performance. 

The DP84312 can possibly be operated at 8 MHz with no 
wait states (WAIT1 = “1 ”) given the following conditions: 
T2 + T3 = 250 ns 
NTSO generation = 15 ns max. 

RASIN t o CAS de lay DP8409-2=: 130 ns max. 

External CASH,L generation using 74SQ2 and 
74S240 

7.5 ns (74S02) -HO ns (74S240) - 7.5 ns (less load 
on 8409 CAS line) = 10 ns max. 

Transceiver delay = 12 ns max. 

NS16032 data setup = 20 ns max. 

.'.Minimum tcAc = 63 ns 

= 250-15-130-10-12-20 
Minimum tRAs = 250 ns 
Minimum tFip = 250 ns 
Minimum tpAH = 20 ns 

The DP84312 is a standard National Semiconductor PAL 
part (DMPAL16R6). The user can modify the PAL equa- 
tions to support his particular application. The DP84312 
logic equations, function table (functional test), and 
logic diagram can be seen at the end of this Data Sheet. 


|-. ti OR t4 12 4* *3 . 4 * — 14 ti OR t1 





NTSO 


RAS 


CASH, L 


DATA FROM RAM 
(READ) 




DATA FROM CPU 
(WRITE) " 


- ( >-( 


DATA TO BE WRIHEN 



FIGURE 2a. Read, Write, or Hidden Refresh Memory Cycle for the NS16032-DP8409 interface 
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PAL16R6 

DP84312 

Interface Circuit for the NS16032/DP8409 

Memory System 

CK NTSO /RFRQ IHBE AO /WAITIN CTTL /CS /SLOW 

GND lOE /WAIT ID 1C IB /A /CASL /CASH /RFSH VCC 

CASH: = A • /B • /C • D •HBE • CS + 

/A • /B • D • HBE • CS 

CASL; = A • /B • /C • D • /AO • CS + 

/A • /B • D /AO • CS 

A ; = /A • /B • /C • /D • /NTSO • CS • SLOW + 

B • /C • /D + 

A • /C • /D + 

A* B 

B : = /A • /B • /C • /D • NTSO • RFRQ • CTTL + 
/A*B + 

A«B*/C + 

B • C • D 

C : = /A • /B • /C • /D • NTSO • RFRQ • CTTL + 
/A*/B* D + 

A«B«D+ 

B*C*/D + 

/A • /B • C • /D • /NTSO 

D : = /A • /B • /C • /D • /NTSO • CS • /SLOW + 

/A • /B • /C • /D • /NTSO • /CS + 

A • /C + 

/B • /C • D + 

/A • B • C 

IF (VCC) WAIT =/B • /C • /D • /NTSO • CS • SLOW + 
/A* B • D + 

B • /C • /D + 

A • B + 

A • C • /D + 

/CS • WAITIN 

IF(VCC)RFSH =/A* B + 

B • /C • /D + 

A • B • /C + 

A • B • C 
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Function Table 


CK 

NTSO 

RFRQ 

HBE 

AO 

WAITIN 

CTTL 

CS 

SLOW 

OE 

CASH 

CASL 

A 

B 

c 

D 

WAIT 

RFSH 

C 

H 

H 

L 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

X 

X 

c 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

c 

L 

X 

L 

L 

H 

X 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

c 

L 

X 

L 

L 

H 

X 

L 

H 

L 

H 

H 

L 

L 

H 

H 

L. 

L 

c 

X 

X 

L 

L 

H 

X 

L 

H 

L 

H 

H 

L 

L 

H 

L 

L 

L 

c 

H 

X 

L 

L 

H 

X 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

c 

L 

X 

L 

H 

H 

X 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

c 

X 

X 

L 

H 

H 

X 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

c 

X 

X 

L 

H 

H 

X 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

c 

X 

X 

L 

H 

H 

X 

L 

L 

, L 

H 

L 

L 

L 

H 

H 

L 

L 

c 

X 

X 

L 

H 

H 

X 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

c 

H 

X 

L 

L 

H 

X 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

c 

L 

X 

L 

L 

H 

X 

H 

X 

L 

L 

L 

L 

L 

L 

H 

L 

L 

c 

X 

X 

L 

L 

L 

X 

H 

X 

L 

L 

L 

L 

L 

H 

H 

H 

L 

c 

H 

X 

L 

L 

H 

X 

H 

X 

L 

L 

L 

L 

L 

H 

L 

L 

L 

c 

H 

X 

L 

L 

H 

X 

H 

X 

L 

L 

L 

L 

L 

L 

■L 

L 

L 

c 

H 

L 

X 

X 

H 

H 

X 

X 

L 

L 

L 

L 

H 

H 

L 

L 

H 

c 

H 

X 

X 

X 

H 

L 

X 

X 

L 

L 

L 

L 

H 

H 

H 

H 

H 

c 

H 

H 

X 

X 

H 

H 

X 

X 

L 

L 

L 

L 

H 

L 

H 

H 

H 

c 

H 

H 

X 

X 

H 

L 

X 

X 

L 

L 

L 

L 

H 

L 

L 

H 

H 

c 

H 

H 

X 

X 

H 

H 

X 

X 

L 

L 

L 

H 

H 

L 

L 

H 

H 

c 

H 

H 

X 

X 

H 

L 

X 

X 

L 

L 

L 

H 

H 

L 

H 

H 

H 

c 

H 

H 

X 

X 

H 

H 

X 

X 

L 

L 

L 

H 

H 

H 

H 

H 

H 

c 

H 

H 

X 

X 

H 

L 

X 

X 

L 

L 

L 

H 

H 

H 

L 

H 

L 

c 

H 

H 

X 

X 

H 
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c 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 
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DP84322 



National 

Semiconductor 


Dynamic Memory Support 

PRELIMINARY 


DP84322 Dynamic RAM Controiier interface Circuit 


for the 68000 CPU 


General Description 

The DP84322 dynamic RAM controller Interface is a 
Programmable Array Logic (PAL)* device which allows 
for easy interface between the DP8409 dynamic RAM 
Controller and the 68000 microprocessor. 


The DP84322 supplies all the control signals needed to 
perform memory read, write and refresh. Logic is included 
for inserting a wait state when using fast CPUs. 


Features 

■ Provides 3-chip solution for the 68000 CPU and 
dynamic RAM interface 

■ Works with all 68000 speed versions 

■ Possibility of operation at 8 MHz with no wait states 

■ Performs hidden refresh 

■ DTACK is automaticaliy inserted for both memory 
access and memory refresh 

■ Performs forced refresh using typically 4 CPU clocks 

■ Standard National Semiconductor PAL part 
(DMPAL16R4) 

■ PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PAL in the National Semiconductor PAL family, 
Including the new high speed PAL’s. 


Connection Diagram Block Diagram 


DuaMn-Line Package 



Order Number DP84322N-3 
See NS package N20A 



*PAL is a registered trademark of Monolithic Memories, Inc. 


7-152 




Recommended Operating 
Conditions (Commercial) 



Min Typ 

Max 

Units 

Vcc. Supply Voltage 

4.75 5.00 

5.25 

V 

Iqh. High Level Output Current 


-3.2 

mA 

Iql. Low Level Output Current 


24 

mA 

Ta, Operating Free Air 
Temperature 

0 

(Note 2) 

75 

X 


Eiectricai Characteristics over recommended operating temperature range 


Symboi 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlH 

High Level Input Voltage 


2 



V 

V,L 

Low Level Input Voltage 




0.8 

V 

Vic 

Input Clamp Voltage 

Vcc = Min, l|= -18 mA 



-1.5 

V 

Vqh 

High Level Output Voltage 

Vcc = Min, V|H = 2V, V|L= 0.8V, Iqh = Max 

2.4 



V 

Vql 

Low Level Output Voltage 

Vcc = Min, V|H = 2V, V,l=0.8V, Iol= Max 



0.5 

V 

•ozH 

Off-State Output Current 

High Level Voltage Applied 

Vcc = Max, V,H = 2V, Vq = 2.4V, V,l = 0.8V 



100 

mA 

•oZL 

Off-State Output Current 

Low Level Voltage Applied 

Vcc = Max, V,H = 2V, Vo = 0.4V, V,l = 0.8V 



-100 

JLtA 

ll 

Input Current at 

Maximum Input Voltage 

Vcc = Max, V, = 5.5V 



1.0 

mA 

liH 

High Level Input Current 

Vcc = Max, V| = 2.4V 



25 

fiA 

liL 

Low Level Input Current 

Vcc = Max, V| = 0.4V 



-250 

mA 

•os 

Short Circuit Output Current 

Vcc = Max 

-30 


-130 

mA 

•cc 

Supply Current 

Vcc = Max 


150 

225 

(Note 1) 

mA 


Switching Characteristics over recommended ranges of temperature and Vcc 


Symbol 

Parameter 

Test Conditions 

Rl = 667Q 

Commercial 

TA = 0°Cto +75°C 

Vcc = 5.0V ±5% 

Units 

Min 

Typ 

Max 

tpD 

Input to Output 

Cl = 45 pF 


25 

40 

ns 

tpD 

Clock to Output 


15 

25 

ns 

tpzx 

Pin 11 to Output Enable 



15. 

25 

ns 

tpxz 

Pin 11 to Output Disable 

Cl = 5pF 


15 

25 

ns 

tpzx 

Input to Output Enable 

Cl = 45 pF 


25 

40 

ns 

tpxz 

Input to Output Disable 

Cl = 5pF 


25 

40 

ns 


Width of Clock 

High 


25 



ns 

Low 


25 



ns 

tsu 

Set-Up Time 


40 



ns 

th 

Hold Time 


0 

-15 


ns 


Note 1: Ice = minimum temperature. 

Note 2: One output at a time; otherwise 16 mA. 


m 
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System Block Diagram 


DP84322 and DP8409 for 68000 CPU 



Mnemonic Description 

INPUT SIGNALS 

CLOCK The clock signal determines the timing of the 

outputs and should be connected directly to 
the 68000 clock Input. 

AS Address Strobe from t he 6800 0 CPU. This In- 

put is used to generate RASIN to the DP8409. 

UDS, LDS Upper and lower data strobe from the 68000 
CPU. T hese inp uts, together with AS, R/W, 
provide DTACK to the 68000. 

R/W Read/write from the 68000 CPU, when 

WAIT = 0. Selects processor speed when 
WAIT= 1 (“1” = 4 to 6 MHz, “0” = 8 MHz). 

CAS Column Address Strobe from th e DP8 409. 

This input, together with LDS and UDS, pro- 
vides two separate CAS outputs for access- 
ing upper and lower memory data bytes. 

CS Chip Select. T his inpu t enables DTACK out- 

put. CS = 0, DTACK output is enabled; 
CS = 1. DTACK output is TRI-STATE®. 

RFRQ Refresh Request. This input requests the 
DP84322 for a forced refresh. 

WAIT This input allows the necessary wait state to 
be inserted for memory access cycles. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


OUTPUT SIGNALS 

RASIN This output provides a memory c ycle start 
signal to the DP8409 and provides RAS tim- 
ing during hidden refresh. 

CAS U, These signals are the separate CAS outputs 

CASL needed for byte writing. 

DTACK This output is used to insert wait states Into 
the 68000 memory cycles when selected and 
during a forced refresh cycle where the CPU 
attempts to accessj[he memory. This output 
is enabled wh^CS input is low and TRI- 
STATED when CS is high. 

RFSH This output controls the mode of the DP8409. 

It alw^s goes low for 4 CPU clock periods 
when AS is inacti ve and a forced refresh Is re- 
quested through RFRQ input. This allows the 
DP8409 to perform an automatic forced 
refresh. 
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Functional Description 

MEMORY ACCESS 

As a 68000 bus cycle begins, a valid address is output on 
the address bus A1 -A23. This address is decoded to pro- 
vide Chip Select (CS) to the DP8409. After the a ddress 
becomes valid, AS goes \ovj and it is used to set RASIN 
low from the DP84322 Interface circuit. Note that CS must 
go low for a minimum of 10 ns before the assertion of 
RASIN for a proper memory access. As an example, with a 
8 MHz 68000, the address is valid for at least 30 ns before 
AS goes act ive. AS then has to ripple through the DP84322 
to produce RASIN. This means the address is valid for a 
minimi^ of 40 ns before RASIN goes low, and the decod- 
ing of CS should take less than 30 ns. At this speed the 
DM74LS138 or DM74LS139 decoders can be selected to 
guarantee the 10 ns minimu m requi red by CS set-up time 
going low before the access RASIN goes low (tcsRL of fh© 
DP8409). This is important because a false hidden refresh 
may tak e place when the minimum tcsRL 's not met. 
Typically RAS IN occurs at the end of S2. Subsequ ently, 
selected RAS output, ro w to col umn select and then CAS 
will automatically follow RASIN as determined by mode 5 
of the DP8409. Mode 5 guarantees a 30 ns minimum for 
row address hold time (tRAh) and a minimum of 8 ns col- 
umn address set-up time (tAsc)- If th e sys tem re quire s in- 
structions that use byte writing, then CASU and CASL are 
needed for accessing upper and lower memory data b ytes, 
and they are provided by t hdD P84322. In the DP84322, LDS 
and UPS ar e ga ted with CAS from the DP8409 to provide 
CASL and CASU, ther efore designers need not be con- 
cerned about delaying CAS during write cycles to assure 
valid data being written into memory. The 8 MHz 68000 
specifies during a write cycle that data output is valid for a 
mini mum of 30 ns before DS goes active. Thus, CASL and 
CASU will not go low for at least 40 ns after the output data 
becomes stable, guaranteeing the 68000 valid data is writ- 
ten to memory. 

Furthermore, the gating of UDS, LDS and CAS allows the 
DP84322 interface controller to support the test and set In- 
struction (TAS). The 68000 utilizes the read-modify-write 
cycle to execute this instruction. The TAS instruction pro- 
vides a method of communication between processors in 
a multiple processor system. Because of the nature of this 
instruction, in th£_68000, this cycle is indivisible and the 
Address Strobe AS is asserted throughout the entire cy- 
cle, however DS is asserted twice for two accesses: a read 
then a write. The dynamic RAM controller and the DP84322 
respond to this read-modify-write instruction as follows 
(refer to the TAS instruct ion t iming diagram for clarifi^- 
tion). First, the sel ected RAS goes low as a result of AS 
going low, and this RAS output will remain low thro ughout 
t he e ntire cyc le. Then the DP84322’s selected CAS output 
(CASL or CASU)_goes low to read the specified da ta by te. 
After this read, DS goes hlgh_causing the selected CAS to 
go high. A few clocks later R/W goes low an d the n DS is re- 
asserted. As DS goes low, the selected CAS goes low 
strobing the CPU’s modified data Into memory, after which 
the cycle is ended when AS goes high. 

The two CAS outputs from the DP84322, however, can only 
drive one memory bank. For additional driving capability, a 
memory driver such as the DP84244 should be added to 
drive loads of up to 500 pF. 

Since this DP84322 interface circuit is designed to operate 
with all of the 68000 speed versions, a status input called 
WAIT is used to distinguish the 8 MHz from the others. The 


WAIT input should be set low for 6 MHz or less allowing 
full speed of operati on with no wait states. Data Transfer 
Acknowledge Input (DTACK) of the 68000 at these speeds 
is automatically inserted during S2 for every memory 
transacti on cy cle and i s the n negated at the end of that cy- 
cle when UDS and/or LDS go high. For the 8 MHz 68000 
however, a wait state Is required for every memory transac- 
tion cycle. At these spe eds, the WAIT input is s et high, 
selecting the DP8 409’s CAS output to generate DTACK 
and ag ain D TACK Is negated at the end of the cycle when 
UDS or LDS goes high. Note that DTACK output is enabled 
only when the DP8409’s CS is low. Therefore when the 
68000 is accessing I/O or ROM (in other w ords, w hen the 
DP8409 Is not selected), the DP84322’s DTACK output 
goes high Impedance logic ‘1 ’ through the external pull-up 
resistor and it is now up to the designer to supply DTACK 
for a proper bus cycle. 


The following table indicates the maximum memory speed 
In terms of the DRAM t imin g parameters: tcAc (access- 
time from CAS) and tpp (RAS precharge time) required by 
different 68000 speed versions: 


oprocessor 

Maximum 

Minimum 

Minimum 

Ciock 

^CAC 

^RP 

^RAS 

8 MHz 

125 ns 

140 ns 

220 ns 

6 MHz 

90 ns 

170 ns 

290 ns 

4 MHz 

270 ns 

280 ns 

450 ns 


Pin 5 (R/W input to the DP84322) is not used as R/W 
when the WAIT input is high. Therefore, when WAIT Is 
high and pin 5 is low, this is configured for the 8 MHz 
68000. The dynamic RAM controller in this configuration 
operates In mode 5 and mode 1. 


When both WAIT and pin 5 are high, this Is configured 
for 4 MHz and 6 MHz 68000, allowing only two micro- 
processor clocks for memory refresh. Furthermore, the 
designer can use the DP8408 because the dynamic RAM 
controller now operates in mode 0 and mode 5 or mode 
6. In addition, the programmable refresh timer, DP84300, 
should be used to determine the re fresh r ate (RFCK) and 
to provide the refresh request (RFRO) Input to the 
DP84322. The refresh t imer c an provide over two hun- 
dred different divisors. RFRQ is given at the beginning 
of every RFCK cycle and remains active until M2 goes 
low for memory refresh. The DP84322 samples RFRQ 
when AS is high, then sets M2 low for two microproc- 
essor clocks, taking the DP8408 or DP8409 to the exter- 
nal control refresh mode. RASIN for this refresh is also 
issued by the DP84322. If a memory access is pending, 
RASIN for this access will not be given until it Is delayed 
for a pproximately one microprocessor clock, allowing 
RAS precharge time for the dynamic RAMs. 


The following table indicates different memory speeds 
in terms of the DRAM parameters required by 4 MHz and 
6 MHz 68000: 


Microprocessor Maximum Minimum Minimum Minimum 


Clock 

*CAC 

'ras 

♦rp 

^RAH 

4 MHz 

290 ns 

200 ns 

225 ns 

20 ns 

6 MHz 

110 ns 

125 ns 

140 ns 

20 ns 


DP8408, DP8409 operate in mode 6 and mode 0. 
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Functional Description (Continued) 


When WAIT=:1, pin 5 = 0 (8 MHz), the PAL controller 
supports read and write cycles with one inserted wait 
state, forced refresh with five wait states inserted if CS 
is valid, and hidden refresh. This PAL mode does not 
support the TAS instruction. 

When WAIT = pin 5 = 1 (4-6 MHz), the PAL controller 
supports read and write cycles with no wait states in- 
serted, and forced refresh with two wait states inserted 
if CS is valid. This PAL mode does not support the TAS 
instruction and only supports hidden refresh when used 
in mode 5 with the DP8409 controller. 

The DP84322 can possibly be operated at 8 MHz with no 
wait states (WAIT = “0”) given the following conditions: 
FAST PAL(PAL16R4A) 

S2-f S3 + S4 + S5 = 250_ns 
RASIN delay =60 ns (AS low max.) 

+ 25 ns (Fas t PAL delay) = 85 ns max. 

RASIN t o CAS de lay DP8409-2= 130 ns max. 

External CASH,L generation using 74S02 
and 74S240 

7.5 ns (74S02)+10 ns (74S240)- 7.5 ns (less load 
on 8409 CAS llne)= 10 ns max. 

Transceiver delay (74LS245) = 12 ns max. 

68000 data setup Into S6 = 40 ns min. 

Minimum tcAc = 53 ns , 

= 250-85-130-10-12 + 40 
Minimum tRAS = 240 ns 
Minimum tRp= 150 ns 
Minimum tRAH = 20 ns 

REFRESH CYCLE 

Since the access sequence timing i s autom atically de- 
rived from RASIN in mode 5, R/C and CASIN a re no t used 
and now become Refresh Clock (RFCK)/and RAS-gener- 
ator clock (RGCK) respectively. The Refresh Clock RFCK 
may be divided down from RGCK, which is the microproc- 
essor clock, using the DM74LS393 or DM74LS390. RFCK 
provid es th e refresh time interval and RGCK the fast clock 
for all-RAS refresh if forced refreshing is necessary. The 
DP8409 offers both hidden refresh in mode 5 and forced 
refresh in mode 1 with priority placed on hidden refresh- 
ing. Assume 128 rows are to be refreshed, then a 16 fis 
maximum clock period Is needed for RFCK to distribute 
refreshing of all the rows over the 2 ms period. 

The DP8409 provides hidden refreshing in mode 5 when 
the refresh clock (RFCK) is high and the microprocessor is 
not accessing RAM. In other words, when the DP8409’s 
chip select is inactive because the microprocessor is 


accessing elsewhere, all four RAS outputs follow RASIN, 
strobing the conten ts of th e on-chip refresh counter to 
every memory bank. RASIN going high terminates the hid- 
den refresh and also increments the refresh counter, 
preparing it for the next refresh cycle. Once a hidden 
refresh has taken place, a forced refresh will not be re- 
quested by the DP8409 for the current RFCK cycle. 

However, if the microprocessor continuously accessed 
the DP8409 and memory while RFCK was high, a hidden 
refresh could not have taken place and now the system 
must force a refresh. Imme diately after RFCK goes low, 
the Refresh Request signal (RFRQ) from the DP8409 goes 
low, in dicating a forced refresh is necessary. First, when 
RFRQ goes low any time during S2 to S7, the controller in- 
terface circuit waits until the en d of th e current memory 
access cycle and then sets M2 (RFSH) low. This refresh 
takes four microprocessor clocks to complete. If the cur- 
rent cycle is another memory cycle, the 68000 will auto- 
matica lly be put in four wait states. Alternately, when 
RFRQ goes low while AS is high during SO to S1 , M2 is now 
set low at S2. Therefore, it requires an additional micro- 
processor clock for this refr esh. Qnce the DP8409 is in 
mode 1 forced refresh, all the RAS outputs remain high un- 
til tw o RGCK trailing edges after M2 goes low, when all 
RAS outputs go low. This allows a m inimum of one and a 
half clock periods of RGCK for RAS pre char ge time. As 
specified in the DP8409 data sheet, the RAS outputs re- 
main low for two clock peri ods o f RGCK. The refresh 
counter is incremented as the RAS outputs go high. Qnce 
the forced refresh has ended, M2 is brought high, the 
DP8409 back to mode 5 auto access. Note that RASIN for 
the pending access is not given until it h as bee n delayed 
for a full microprocessor clock, allowing RAS precharge 
time for the coming access. 

If the 68000 bus is inactive (i.e., the 68000’s instruction 
queue is full, or the 68000 is executing internal operations 
such as a multiply instruction, or the 68000 is in halt 
state...) and a refresh ha s been requested, a refresh will 
also t^ place because RFRQ is continuously sampled 
while AS is high. Therefore, refreshing under these condi- 
tions will be transparent to the microprocessor. Conse- 
quently, the system throughput is increased because the 
DP84322 allows refreshing while the 68000 bus is inactive. 

The 84322 is a standard National Semiconductor PAL 
part (DMPAL16R4). The user can modify the PAL equa- 
tions to support his particular application. The 84322 
logic equations function table (functional test), and 
logic diagram can be seen at the end of this data sheet. 
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Timing Diagrams (Continued) 

68000 Memory Read Cycle and Forced Refresh (Wait = 0, Pin 5 = R/W) 
(4 wait ciock periods inserted for forced refresh) 


DP84322 DETECTS START OF 
CYCLE. SO INSERTS REFRESH CYCLE 


DP84322 CONTINUES 
MEMORY ACCESS CYCLE 


OUTPUTS 

FROM 

68000 


OUTPUTS 

FROM 

DP84322 


OUTPUTS 

FROM 

OP8409 
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Timing Diagrams (Continued) 


Memory Read Cycle (Wait = 1 , Pin 5 = 0) 



OUTPUTS 

'FROM 

68000 


OUTPUTS 

FROM 

DP84322 


OUTPUTS 

FROM 

DP8409 
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Timing Diagrams (Continued) 


Memory Read Cycle and Forced Refresh (Walt = 1, Pin 5 = 0) 


DPa4322 DETECTS START OF DP84322 CONTINUES 

CYCLE, SO INSERTS REFRESH CYCLE *"1"* MEMORY ACCESS CYCLE I 


OUTPUTS 

FROM 

68000 


OUTPUTS 

FROM 

DP84322 


OUTPUTS 

FROM 

DP8409 



m 
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Modified System Block Diagram 


DP8408, DP8409 and 68000 Interface 



‘These outputs may need resistors. 
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Timing Diagrams (Continued) 

68000 Memory Read Cycle and Memory Refresh (Wait and Pin 5 = 1) 


DP84322 DETECTS START OF 
CYCLE, SO iNSERTS REFRESH CYCLE 


DP84322 CONTINUES 
MEMORY ACCESS CYCLE 


CLOCK Ct SO I SI I S2 I S3 I S4 I I SW I SW I SW I S5 I S6 I S7 I SO 


-2n? CLOCK PERIODS - 
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Dynamic RAM Controller Interface for the 
MC68000- DP8409 Memory System 
CK /AS /UDS /LDS R /RFRQ /CAS ICS WAIT GND 
lOE /CL /CU /C IB I A /RFSH /DTACK /RASIN VCC 

IF (VCC) RASIN = AS • /RFSH • /A + 

RFSH • R • A • WAIT 

IF (CS) DTACK = /R • CAS • WAIT + 

UDS • /A • /B • /WAIT + 

LDS • /A • /B • /WAIT + 

AS • /R • /A • /B • /WAIT + 

AS • /RFSH • R • /A • /B • WAIT 

RFSH :=/AS • RFRQ + 

RFSH • /R • /C • WAIT + 

RFSH • R • /A • WAIT + 

RFSH • /C • /WAIT 

A;= RFSH 
B; = A 

C := B 

IF (VCC) CU = UDS • CDS 
IF (VCC) CL = LDS • CAS 


Function Table 

CK AS LDS R RFM ^ WAIT OE CL ^ C B A RF^ DTACK RASIN 
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National 

Semiconductor 


Dynamic Memory Support 

PRELIMINARY 


DP84332 Dynamic RAM Controiier interface Circuit for the 
8086 and 8088 CPUs 


General Description 

The DP84332 dynamic RAM controller interface is a Pro- 
grammable Array Logic* (PAL) device which allows for 
easy interface between the DP8408 dynamic RAM con- 
troller and the 8086 and 8088 microprocessors. No wait 
states are required for memory access. Memory refresh- 
ing may be hidden (no wait states) or forced (up to three 
wait states). 

The DP84332 supplies all the control signals needed to 
perform memory read, write, and refresh. Logic is also 
included to insert a wait state when using slow memory. 


Features 

■ Low parts count controller for the DP8408/DP8409 

■ Works with 8086 systems configured in min or max 
mode 

■ Performs hidden refresh using the DP8408 dynamic 
RAM controller 

■ Compatible with both the 8086 and 8088 
microprocessors 

ri Capable of working at all CPU clock frequencies up to 
8 MHz 

■ Standard National Semiconductor PAL part 
(DMPAL16R8) 

■ PAL logic equations can be modified by the user for 
his specific application and programmed Into any of 
the PALs in the National Semiconductor family, in- 
cluding the new high speed PALs. 


Connection Diagram Biock Diagram 


Dual-in-Line Package 



TUF/5000-1 


Order Number DP84322N-3 
NS Package Number N20A 

*PAL is a registered trademark of Monolithic Memories, Inc. 


BHE 


AO 


AWAIT 


CS 

ALE 


RFRQ 

RECK 



CASH 

CASL 


RASIN 


RDY1 


RFSH 


TL/F/5000-2 
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Recommended Operating 

Conditions (Commercial) 



Min Typ 

Max 

Units 

Vec, Supply Voltage 

4.75 5.00 

5.25 

V 

Iqh. High Level Output Current 


-3.2 

mA 

Iql, Low Level Output Current 


24 

(Note 2) 

mA 

Ta, Operating Free Air 
Temperature 

0 

75 

"C 


Electrical Characteristics over recommended operating temperature range 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlH 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

V|C 

Input Clamp Voltage 

Vcc = Min, l|= - 18 mA 



-1.5 

V 

X 

o 

> 

High Level Output Voltage 

Vec = Min, V,H = 2V, y,L= 0.8V, Iqh = Max 

2.4 



V 

_l 

o 

> 

Low Level Output Voltage 

Vcc=Min, V,h = 2V, V|i_ = 0.8V, loL=Max 



0.5 

V 

Iqzh 

Off-State Output Current 

High Level Voltage Applied 

Vec = Max, V|H = 2V, Vo = 2.4V, V|l = 0.8V 



100 

/.A 

■oZL 

Off-State Output Current 

Low Level Voltage Applied 

Vcc = Max, V|H = 2V, Vq = 0.4V, V|l = 0.8V 



-100 

/lA 


Input Current at 

Maximum Input Voltage 

Vec = Max, V, = 5.5V 



1.0 

mA 

l|H 

High Level Input Current 

Vcc = Max, V| = 2.4V 



25 

liA 

«IL 

Low Level Input Current 

Vcc = Max, V, = 0.4V 



-250 

/.A 

•os 

Short Circuit Output Current 

Vcc = Max 

-30 


-130 

mA 

•cc 

Supply Current 

Vcc = Max 


150 

225 

(Note 1) 

mA 


DP84332-3 Switching Chdractcristics over recommended ranges of temperature and Vqq 


Symbol 

Parameter 

Conditions 

RL = 667fi 

Commercial 

Ta = 0°C to 4-75X 

Vcc = 5.0 V ±5% 

Units 

Min 

Typ 

Max 

tpD 

Clock to Output 

Cl = 45 pF 


15 

25 

ns 

^PZX 

Pin 11 to Output Enable 

Cl = 45 pF 


15 

25 

ns 

tpxz 

Pin 11 to Output Disable 

Cl = 5pF 


15 

25 

ns 

tw 

Width of Clock 

High 


25 



ns 

Low 


25 



ns 

Uu 

Set-Up Time 


40 



ns 

tH 

Hold Time 


0 

-15 


ns 


Note 1: Ice = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 mA. 
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System Block Diagram 


Interfacing the DP8408 to an 8086 System 



*These outputs may need resistors. 


Mnemonic Description 


INPUT SIGNALS 

CLOCK 

The CLOCK signal determines the timing of 
the outputs and shoutd be connected directly 
to the 8086 clock. 

AO, BHE 

These inputs come from the 8086 CPU. They 
must remain stable during the memory cycle 
for proper operation of the CAS outputs. 

CE 

Chip enable. This input is used to select the 
memory and enable the hidden refresh logic. 

ALE 

Address latch enable. This input is used to 
indicate the beginning of a memory cycle. 

RFCK 

Refresh clock. The period of this input deter- 
mines the refresh interval. The duty cycle of 
this clock will determine the length of time 
that the circuit will attempt a hidden refresh. 

AWAIT 

When connected to Vcc, the DP84332 will in- 
sert an extra wait state in selected memory 
cycles. 

RFRQ 

Refresh request. This input' requests the 
DP84332 to perform a refresh. The state of 
the RFCK input will determine what type of 
refresh will be performed. 


OUTPUT SIGNALS 

RASIN This output provides a memory cy cle s tart 
signal to the DP8408, and provides RAS tim- 
ing during refresh. 

CAS H, These signals are the separate CASs needed 

CASL for byte writing. Their presence is controlled 
by BHE and AO respectively. 

RDY This output is used to insert a wait state into 

the 8086 memory cycles when selected and 
during a forced refresh cycle where the 8086 
attempts to access the memory. The 8284A 
clock circuit should be configured so that 
ASYNC is enabled. 

RFSH This output controls the mode of the DP8408 
dynamic RAM controller. W hen low, It 
switches the DP8408 into an all RAS refresh 
mode. This signal is also used to reset the 
refresh request logic. 


Oi 
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Functional Description 

A memory cycle starts when chip select (CS) and address 
latch enable (ALE) are true. RASIN is supplied from the 
DP84332 to the DP8408 dynamic RAM controlier, which 
then supplies a RAS signal to the selected dynamic RAM 
bank. After the necessary row address hold time, the 
DP8408 switches the address outputs to the co lumn ad- 
dress . The D P843 32 then supplies the required CAS slg- 
nais (CAS H, CASL) to the RAM. For byte operations, only 
one CAS will be activated. To differentiate between a read 
and a write, the DT/R signal from the CPU Is inverted and 
supplied by the DP8408 to the memory array. 

A refresh cycle is started by one of two conditions. One Is 
when a refresh is requested (RFRQ Is true), refresh clock 
(RFCK) is high, and a non-selected memory cycle is 
started (CE is not true, ALE is high). This is called hidden 
refresh because it is transparent to the CPU. In this case, 
the address supplied to the memories c omes from the re- 
fresh counter In the DP8408, and no CAS signals are 
generated from the DP84332. The second form of refresh 
occurs when a refresh is requested, refresh clock is low, 
and there is no memory cycle In progress. This Is called 
forced refresh, because the CPU will be forced to wait dur- 
ing the next memory cycle to allow for the refresh to be 
performed. In this case, a refresh is performed as before, 
but any attempt to access memory is delayed by wait 
states until after the refresh is finished. In ei ther ca se, the 
refresh request is cleared by the refresh line (RFSH) which 
also goes to the DP8408. 

In a standard memory cycle, the access can be slowed 
down by one clock cycle to accommodate slower mem- 
ories. This extra wait state will not appear during the hid- 
den refresh cycle, so faster devices on the CPU bus will 
not be affected. 

With higher speed systems, memory speed requirements 
will affect the performance of the system. Table I shows 
memory speed requirements at three different CPU clock 
speeds. 


TABLE I. MEMORY SPEED REQUIREMENTS 


CPU 

tcAC I 


Clock 

Frequency 

No Wait 
States 

1 Wait 
State 

*RAH 

8 MHz 

<105 ns 

<223 ns 

<30 ns 

5 MHz 

<170 ns 

:<370 ns 

<30 ns 


System Description 

For memory operation, the DP84332 can be directly con- 
nected between the control signals from the C PU c hip set 
and the DP8408 dynamic RAM controller. Each CAS output 
of the DP84332 is capable of driving eight memory 
devices. If additional drive is required, a DP84244 buffer 
can be used to increase the fanout to the full capabilities 
of the DP8408 (eight memories per output of the DP84244). 

The 84332 is a standard National Semiconductor PAL 
part (DMPAL16R8). The user can modify the PAL equa- 
tions to support his particular application. The 84332 
logic equations, function table (functional test) and 
logic diagram can be seen at the end of this data sheet. 

Refresh Request Logic 

To generate the refresh request for the DP84332, external 
circuitry Is required. Figure 1 shows how this can be im- 
plemented, using standard SSI and MSI logic. A 
DM74LS393 counter Is used to time the period between 
refresh cycles, while the DM74LS74 flip-flop is used to 
record the need of a new refresh. A better solution is to use 
the 24-pin DP84300 programmable refresh timer, as shown 
in Figure 2. This part allows a maximum amount of time for 
a hidden refresh to occur before lowering the refresh clock 
output, and implements the refresh request logic. 



FIGURE 1. Using a Flip-Flop and a Counter for 
Refresh Request Logic 



tcAC = access time from CAS including delay through buffers (DP84244) 
tRAH = rcw address hold time from RAS 


FIGURE 2. Using the DP84300 Refresh Counter for 
Refresh Request Logic 
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Dynamic RAM Controller Interface for the 8086-8408 System 

CK AO /BHE ICS ALE RFCK WAIT /RFRQ NC GND lOE /RASIN /CA ICB 

RDY /RFSH /A IB /MRQ VCC 

MRQ:= /RASIN • /CA • ICB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • CS • ALE • /RFCK + 
MRQ* RASIN + 

RASIN • /CA • ICB • RDY • RFSH • /A • /MRQ • CS • ALE 

B: = RASIN • /CA • ICB • RFSH • /A • /B + 

RASIN • /CA • /CB • /RDY • /RFSH • /A • /B • WAIT + 

RASIN • RDY • /RFSH • A • /B 

A: = RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /WAIT + 

RASIN • RDY • /RFSH • /A • B + 

RASIN • RDY • /RFSH • A • /B 

RFSH:= /RASIN • /CA • ICB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • /CS • ALE • RFCK + 

/RASIN • /CA • ICB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • /RFCK + 

RASIN • /CA • ICB • RFSH • /A • /B 

/RDY:= /RASIN • /CA • /CB • RDY • /RFSH • /A • /B • MRQ • RFRQ • CS • ALE • /RCFK + 

RASIN • /CA • ICB • RDY • RFSH • /A • /MRQ • CS • ALE + 

/RASIN • /CA • ICB • RDY • /RFSH • /A • /B • /MRQ • /RFRQ • CS • ALE • WAIT + 

/RASIN • /CA • ICB • /RDY • /RFSH • /A • /B • MRQ • /RFRQ • WAIT + 

RASIN • /CA • ICB • /RDY • RFSH • /A + 

/RASIN • /CA • ICB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • CS • ALE • RFCK • WAIT 

CB: = RASIN • /CA • ICB • /RFSH • /A • /B • BHE + 

RASIN • CB • RDY • /RFSH • /A • B • WAIT + 

RASIN • CB • RDT • /RFSH • A • /B 

CA: = RASIN • /CA • /CB • /RFSH • /A • /B • /A0 + 

RASIN • CA • RDY • /RFSH • /A • B • WAIT + 

RASIN • CA • RDY • RFSH • A • /B 

RASIN: = /RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • /RFRQ • CS • ALE + 

/RASIN • /CA • ICB • /RDY • /RFSH • /A • /B • MRQ • /RFRQ + 

RASIN • /CA * /CB • /RFSH • /A • /B + 

RASIN • RDY • /RFSH • /A • B • WAIT-f 

/RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • ALE • RFCK + 

/RASIN • /CA • ICB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • /RFCK + 

RASIN • /CA • /CB • RFSH • /A • /B + 

RASIN • RDY • /RFSH • A • /B 


7-174 


Function Table 

CK AO iHE ^ ALE RFCK WAIT RFRQ OE RASIN CA CB RDY RFSH X 1 
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Interfacing the DP8408/09 
To Various Microprocessors 
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High storage density and low cost have made dynamic 
RAMs the designer’s choice in most memory applica- 
tions. However, the major drawback of dyn amic RAMs 
is the complex timing involved. First, a RAS must occur 
with the row address previously set up on the multi- 
plexed address bus. After the ro w ad dress has been 
held for some minimum time after RAS (namely the row 
address hold time of the dynam ic RA Ms, tpAh)* the 
column address is set up and then CAS occurs. In addi- 
tion, refreshing must be done periodically to keep aii 
memory cells charged. 

With the introduction of the DP8408 Dynamic RAM Con- 
troller/Driver, the above complexities are simplified. The 
DP8408 is housed in a 48-pin package with eight multi- 
plexe d ad dress outputs (QO-7) and six control outputs 
(RASO-3, CAS, WE). It consists of two 8-bit address 
latches and an 8-bit refresh counter. All the output 
drivers are capable of driving 500pF loads. 

The following discussion demonstrates a typical appli- 
cation of the DP8408 Dynamic RAM Controller/Driver In 
Z8000TM. and Z80® -based systems. The DP8408 
basically has six modes of operation: Externally Con- 
trolled Refresh, Externally Controlled All-RAS Write, Ex- 
ternally Controlled Access, Auto Access (slow tpAH), 
Auto Access (fast tpAH) and Set End of Count. 

The DP8408 , operating in the auto access mode, requires 
only RASIN to initiate a memory access cycle because 
all the dynamic RAM’s control signals are automatically 
delayed from this input. (Refer to Figure 1 for the auto 
access timing sequence.) 

In the following applications, the DP8408 operates In 
either mode 5 or mode 6 Auto Access and mode 1 or 2 
Externally Controlled Refresh to provide minimum addi- 
tional logic. 

The DP8408 and Z8000 Interface 

Memory Access Cycle: 

Figure 2a shows the detailed block diagram of the Z8000 
and the DP8408 interface. Consider a memory cycle of 
the Z8000; first, the memory address is output on the 
Address and Data multiplexed bus_(AD0-15) during T1 
and is latched to the DP8408 by AS. Simul taneously, 
MREQ goes low and is used to provide RASIN t o ini tiate 
a memory transaction cycle. Then the selected RAS out- 
put, row addres s hol d time (tpAp). colum n addre ss set up 
time (tAsc) and CAS output will follow RASIN as deter- 
mined by the auto access modes. A maximum of one 
wait state is required for 6MHz and 10M Hz C PUs. This 
wait state is automatically inserted by the CAS output of 

the DP8408. For systems using byte-writing, the 

DM74S158 provides two separate CAS outputs for ac- 

PAL is a registered trademark of Monolithic Memories, Inc, 

Z80 and Z80A are registered trademarks of Zilog Corp. 

Z8000 is a trademark of Zilog Corp. 


cessing the low and high byte of memory. Note that DS 
from the Z8000 is also gated with the DP8408’s CAS out- 
put to generate CASL and CASH. This guarantees the 
valid data from the Z8000 being written into memory dur- 
ing memory write cycles. Refer to Figure 3 for the de- 
tailed memory transaction cycle timing. 

The following formula allows the designer to determine 
the p roper memory speed In terms of tcAc (access time 
from CAS): 

tcAC nnax. = 3 x tcc - tdc(MR) - tpicL - tcASdiy - 

tsDR(C)-15. 

The Z8000 parameters: 

tcc: clock cycle time 
tsDR(C): read data to clock f set up time 
tdc(MR): clock to MREQ delay 
The DP8408, 74S158 and 74LS245 parameters: 

^Ricu RASIN to CAS delay 
fcASdiy^ the propagation delay of the 74S158 
15ns: the propagation delay of the 74LS245 
(at 50 pF load) 

For the 10MHz CPU and the DP84O8: 
tcAC max. = 300 - 40 - 131 - 14 - 10 - 15 = 90 ns. 

• tpicL max. (mode 6) = 131 ns at 15 pF load. 

• tcASdiy max. = 14 ns at 50 pF load. 

Since MREQ is connected dire ctly to RASIN, tpp (RAS 
precharge time) and tpAs (RAS pulse width) are deter- 
mined by MREQ high and low, respectively. 

Memory Refresh Cycle: 

The Z8000 CPU contains a refresh rate counter for 
automatic memory refresh. This counter should be pro- 
grammed during the processor initialization to deter- 
mine the refresh rate. Since memory refresh Is auto- 
matically inserted by the Z8000, there is no additional 
refresh arbitration logic allowed. The CPU’s ST ATUS 3 
(ST3) output can be directly connected to the M2 (RFSH) 
pin of the DP8408. During the memory refresh cycle, ST3 
goes low, setting the DP8408 in the exte rnal control 
refresh mode (mode 2). Then all four RAS outputs will 
follow MREQ to strobe the DP8408’s refresh address to 
all memo ry banks (the Z8000 refresh address is ignored). 
As MREQ goes high again, the DP8408 increments its re- 
fresh counter, preparing it for the next refresh cycle. 
Refer to Figure 4 for the refresh cycle timing. Note that 
ST3 also goes low during the internal cycle, I/O refer- 
ence cycle and Interrupt acknowledg e cycl e, but the 
memory will not be refreshed because MREQ is not ac- 
tive during these cycles. The DP8408 on-chip refresh 
coun ter wi ll not be incremented when M2 goes low un- 
less MREQ is inserted. 
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(4) CASH (BANK 0) 


(7) CASH (BANK1) 


(9) CASL (BANKO) 


(12) CASL(BANKI) 


When the processor is in either halt state (by executing 
the privileg ed HA LT instruction) or single-stepping 
mode (when STOP Input is low), it introduces memory 
refresh cycles. However, care should be taken when the 
CPU Is in either a WAIT state or a Bus Acknowledge 
cycle, that the dynamic RAM refresh will not take place. 
If these conditions occur over a long period of time, a 
burst refresh is recommended. This can be done by tog- 
gling RASIN while keeping M2 low, until all the rows of 
the dynamic RAM have been refreshed, then the CPU 
can resume Its operations. 


The DP8408 and Z80A® Interface 
Instruction Fetch Cycle: 

Figure 5 shows the detailed interconnections between 
the DP8408, the Z80® and the Dynamic RAMs. Figure 6 
shows the timing during an M1 cycle (op code fetch). The 
program counter is output on the address bus at the 
beginning of the M1 cycle. One-half cloc k later, MREQ 
goes active. This input is used to provide RASIN to the 
DP8408 to access the dynamic memory. Subsequently, 


the s elected RAS output, Row to Colum n Selec t and then 
CAS output will automatically follow RASIN as deter- 
mlned by the Auto Access modes of the DP8408. The RD 
line also goes active to indicate a memory read cycle is 
in progress. After tcAC (access time from CAS), read data 
becomes valid. This da ta Is sampled on the rising edge 
of T3, then bot h MRE Q and RD go inactive, immediately 
following this, RFSH goes low, putting the DP8408 in the 
Externally Controlled R efres h mode. The MREQ goes 
active causing all four RAS outputs to go active to 
perform a refresh to aii the banks of the dynamic RAMs. 
Note that during memory refresh cycles, the refresh 
address from the CPU is output on the address bus. 
However, the contents of the DP8408 on-chip refresh 
counter are used instead to provide the row address to 
the dynamic memory array. Since the Z80 provides only a 
7-bit refresh address, It Is an advantage to use the 
DP8408 8-bit refresh counter to support 64 k dynamic 
RAMs direc tly. The DP8408 refresh counter Is incre- 
mented as MREQ returns high, ending the memory 
refresh. The RFSH goes inactive returning the DP8408 
back to the Auto Access mode, preparing it for the next 
access cycle. 
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DP8408 REFRESH 
^ ADDRESS 
\ INCREMENTS 





Memory Access Cycle: 

Figure 7 shows the timing of the memory read and 
memory write cycle other than for the M1 op cod e fetch 
cycle. Simi lar to t h e op co de fetch cycle, MREQ is used 
to provide RASIN. MREQ goes active after the add ress 
to the memory has had time to stabilize . Aga in, RAS out- 
put, Row to Column Select a nd then CAS output will 
automatically follow RASIN to access the sp ecified 
memory location. For a memory rea d cyc le, both MREQ 
and RD go active, and as a result, WIN remains high 
(refer to Figure 5), which allows a m emory read opera- 
tion to occur. On the other hand, on ly MR EQ goes active 
during a write cycle, which forces WIN low, indic ating 
an early write cycle. It should be noted that the CAS 
output to the memory array will not go low until WR 
goes low during memory write cycles as this guarantees 
the valid CPU data will be written into memory. 

It Is worth mentioning that the Z80 CPU provides power- 
ful block transfer instructions. An example Is the LDIR 
(load. Increment and repeat); using only this instruction, 
the programmer can move any block of data from the 


location pointed to by the D and E registers. This opera- 
tion is repeated until the byte count,er (B and C 
registers) reaches zero. Thus, this single instruction can 
move any block of data from one location to any other. 
Due to the fact that this Instruction is refetched after 
each data byte transfer, the memory refresh cycle 
always takes place even though a transfer of up to 64 k 
bytes of data may be performed. Furthermore, when the 
CPU has executed the software HALT instruction and is 
waiting for an Interrupt before normal CPU operations 
can resume, the CPU executes NOP Instructions to 
maintain memory refresh activity. 

However, care should be taken when the CPU is in either 
WAIT state or a Bus Acknowledge cycle, the dynamic 
RAM refresh will not take place. If these conditions 
occur long enough, a burst r efresh is recommended, 
and it can be done by toggling RASIN while keeping M2 
low until all the rows of the dynamic RAM have been 
refreshed before the CPU can resume its operation. 


T1 T2 T3 T1 T2 T3 




Figure 7. Z80A Memory Read and Memory Write Cycle 
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The following formulas allow designers to select the 
appropriate dynamic memory, based on different CPU 
and DP8408 speed versions, to allow the CPU full speed 
of operation: 

max. tcAC- 1.5xtcmin~tDL.|>(MR)- tRICL- 

tCASDLY - ts<^(D) 

min. tpp: tw(MRH) = tw(<t>H)-i-tf-20 
min. tpAs* tw(MRL) — 20 = tc — 50 
Dynamic RAM Parameters: 

tcAc: access time from CAS 
tpp: RAS precharge time 
tpAs: RAS puise width 
Z80 Parameters: 

tc: clock period 

tw(<}>H): clock pulse width, clock high 
tf; clock fall time 

tDL<^(MR): MREQ delay from falling edge of clock, 
MREQ low 

ts<^(D): Data set up, time to rising edge of 
clock during M1 cycle 
DP8408 and 74S00 Parameters: 

tpicL: RAS IN to CAS output delay 

^CASDLY^ propagation delay of the two 74S00 
NAND gates 

For example. If the Z80A (4 MHz) and the DP8408 are 
used, then: 

max. tcAc: 1.5(250) -85- 132- 13- 50 = 95 ns 
min. tpp: 110 + 20- 20 = 110ns 
min. tpAs* tc-50 = 200ns 
tRiCL max. 

(mode 6): 132 ns at 15 pF load 
tcASDLY max.: 13 ns at 50 pF load 

Therefore, in this case, the designer should choose a 
dynamic memory which has maximum tcAc 95ns, 
minimum tpp of 110ns and minimum tpAs of 200ns. 

DP8409 and MC68B09E Interface 
DP8409 Overview: 

The DP8409 Dynamic RAM Controller/Driver is designed 
to control all multiplexed-address dynamic RAMs. It con- 
sists of two 9-bit address latches and a 9-bit refresh 
counter, thus allowing control of all 16k, 64k, and the 
coming generation 256k dynamic RAMs. More important, 
all the DP8409 outputs are capable of driving 500 pF 
loads. 

The DP8409 basically has eight modes of operation: 

Externally Controlled Refresh, Automatic Forced 

Refresh, Internal Auto Burst Refresh, All RAS Auto 
Write, Externally Controlled Access, Auto Access (slow 
tpAH and with hidden refresh), Fast Auto Access (fast 
tRAH) and Set End of Count. Of all these modes. Auto 
Access (mode 5) and Auto Forced Refresh (mode 1) are 
the most popular and will be us ed thro ughout this 
application. Mode 5 requires only RASIN to initiate a 
memory access cycle, because all the dynamic RAM’s 


control signals are automatically delayed from this 
Input, as shown in Figure 1. To attain maximum system 
throughput, it is obviously advantageous to perform 
refreshes without Interrupting the system. The DP8409 
can do this by monitoring the CS input to see if it is 
high. If CS is high, the RAMs are not being accessed. If 
CS is high for one cycle, the DP8409 performs a hidden 
refresh during this cycle, and stops in time for the 
system to start another access. But if a hidden refresh 
does not occur in a specific time slot, a refresh must be 
forced and this can be done by using Mode 1, Automatic 
Forced Refresh. 

To perform automatic forced refresh, the DP8409 must 
receive two clock sig nals : the refresh period clock, 
RFCK, and RGCK, the RAS-generator clock; RGCK can 
be the microprocessor clock. It takes approximately 
four RGCK clock periods to perform this automatic 
forced refresh. The DP8409 gives preference to hidden 
refresh using RFCK as a level reference. The refresh 
time slot commences as RFCK goes high. If CS goes 
high while RFCK is high, the refres h co unter Is enabled 
in the address outputs. All four RAS outputs follow 
RASIN; so to perform a hidden refresh, RASIN must be 
set low and the refresh counter gets Incremented as 
RASIN goes high. The DP8409 allows only one such 
hidden refresh to occur with a clock cycle of RFCK to 
minimize power consumption. 

If a hidden refresh does not occur the DP8409 must 
force a refresh before RFCK begins a new cycle on a 
low-to-high transition. Therefore, as RFCK goes low 
(and a hidden refresh has not occurred), RF I/O (Refresh 
Request) goes low, requesting that a refresh be per- 
formed. When the system acknowledges the request, it 
sets M2 low, and prevents further access to the DP8409. 
Then t wo RG CK negative edges after M2 has gone low, 
all four RAS outputs go low and and rema in low for two 
RGCK clock periods. After all four RAS outputs have 
gone low, M2 can go high any time to end the Automatic 
Forced Refresh. The DP8409 allows only one automatic 
refresh to occur within a clock cycle of RFCK. 

Memory Access: 

The MC68B09E starts a memory access cycle when E 
goes low, then the memory address becomes valid on 
the Address Bus AO-^. This address is decoded to 
provide Chip Select ( CS) to the DP8409. Then Q goes 
high and sets RASIN low from the PAL® Control Logic 
as shown in Figure 12. Note that CS must go low for a 
minimum of 10ns before the assertion of RASIN for a 
proper memory access. This is important because a 
false hidden refresh may take place when this 10ns 
minimum setup time is not met. RASIN goes low Initiat- 
ing the auto access sequence as shown in Figure 1. 
Mode 5 guarantees a 30ns minimum for row address 
hold t ime an d a minimum of 8ns column address set up 
time. RASIN remains low until E goes low at the end of 
the current access cycle. Using the 16R6 A-1 Program- 
mable Arr ay L ogic (25ns PAL), the maximum access 
time from CAS of the selected dynamic RAM is deter- 
mined as follows: 

Max. tcAc: 3 x 1 25 - 25 - 1 60 - 40 = 1 50 ns 8409 
tcAc: 3x125-25-130-40 = 180 ns 8409-2 

Q high to 

E low: 3 X 125 ns (8 MHz clock) = 375 ns 
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Q high to 

RASIN low: 25ns (16R6 A-1 PAL Parameter) 
RASIN to CAS 


Output low: 

Read data setup 
time (before E 
going low): 


160 ns (DP8409’s tpicLi Mode 5, at 
500 pF load) 

130 ns (DP8409-2’s Iricl) 

40 ns 


Memory Refresh: 

As described above, RASIN goes active when Q and/or E 
are high. This scheme, th^fore, maximizes chances for 
hidden refresh because CS Is high during nondynamic 
memory cycle. For example, when the CPU is executing 
IjMernal operation or the CPU is accessing ROM or I/O, 
CS is high during these tim es. The DP8409 therefore per- 
forms a hidden refresh as RASIN goes low, assuming 
that RFCK is high. 


However, if no hidden refresh occurs while RFCK was 
high, RF I/O goes low Immediately after the RFCK high-to- 
low transition requests a forced refresh. The PAL Control 
Logic samples RF I/O, when E and Q are high and low 
respectively, to set M2 (RFSH) low, as shown in Figure 13. 
Once M2 has gone low, a forced refresh automatically 
occurs (as described in the DP8409 Overview). M2 remains 
low for four system clock periods to allow for this forced 
refresh. If the current microprocessor cycle is a non- 
dynamic memory cycle (CS is hig h), this ref resh is trans- 
parent to the microprocessor and STRETCH remains high 
(E and Q are not stretched). Nevertheles s, if the cu rrent 
cycle is a dynamic memory access cycle, STRETCH goes 
low str etching E and Q for a maximum of four system 
clocks. RASIN for the pending access will be Issued a full 
syste m clock after M2 has gone high; this is to allow some 
RAS precharge time for the dynamic RAM. After this, mem- 
ory will be accessed in the manner as described in the 
Memory Access Cycle. 




Figure 8. NSC800 and DP8408 Interface 
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Figure 9. NSC800 Op Code Fetch Cycle 
Showing Memory Refresh 
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*IF CS IS HIGH THROUGHOUT THIS CYCLE (RFCK IS ALSO HIGH), HIDDEN 
REFRESH OCCURS INSTEAD OF A MEMORY ACCESS. 


Figure 12. MC68B09E Memory Read Cycle 
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Memory Systems with ECC 
Using the DP8400 


National Semiconductor 
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Brian Edem 
June 1982 



This brief expiains how a memory system can easiiy per- 
form singie error correction, double error detection, auto 
accessing and refreshing of memory, and byte writing. 

Figure 1 shows the NS16032 with DP8409, DP8400, and a 
2-PAL® (Programmable Array Logic) controller. The 
memory cycle for the NS16032 starts at the CPU clock 
cycle where the address strobe goes active. At the 
middle of this clock cycle, the 74ALS02 latch is set, pro- 
viding RASIN to the DP8409 Dynamic RAM Controller, 
which starts its Auto Access cycle. The latch output is 
also sent to the two PAL controllers, indicating that a 
memory cycle has started. On the next PAL clock cycle 
(50 ns later), the PAL will enter one of five memory cycles: 
Read, Byte-Write, Word-Write, or Cycle Inhibit. 

For a read cycle, one wait state will be needed, so the 
controller pulls the NCWAIT line low for one CPU clock 
cycle. Three CPU clock cycles after RASIN, the correct- 
ed data is latched at the output of the DP8400, the 
memory buffers are disabled, and the DP8400’s output 
buffers are enabled. At the beginning of the fifth CPU 
clock cycle, the CPU latches the data from the data bus, 
and the PAL deactivates all control signals, resets the 
74ALS02 latch, and outputs an Interrupt to the CPU if a 
double error is detected. This allows the CPU to grace- 
fully crash or perform a memory test on the system. 

In a byte-write cycle, the data must first be read from 
memory to be corrected if necessary. The new byte to be 
written, along with the byte that remains unchanged, will 
then be written to memory with the new checkbits. 

The byte-write memory cycle needs two wait states, so 
the PAL controller first pulls the NCWAIT line low fortwo 
CPU clock cycles. Three CPU clock cycles after RASIN Is 
activated, corrected data is latched at the output of the 
DP8400. Also at this time the memory buffers are dis- 
abled, the new byte from the CPU and the unaddressed 
memory byte from the DP8400 are enabled onto the inter- 
nal data bus, creating a new word of data. A half of the 
CPU clock cycle after the new data is enabled. It is 
latched into the DP8400, the mode of which has been 
changed to generate check bits. A half of the CPU clock 
cycle after the data has been latched into the Input of the 
DP8400, the data is again latched at the output to the 
DP8400 along with the newly generated check bits. Also 
at this time, a write strobe is generated by the PAL. At 
the end of the write strobe, the PAL outputs a reset 
pulse, resetting the 74ALS02 latch. If a double bit error 
occurred during the read portion of the memory cycle, 
then the interrupt will be triggered. 


For a word-wrIte cycle, no wait states are used. The 
buffer from the CPU is enabled, the DP8400 is put Into a 
write mode, and the DP8409 is instructed to write mem- 
ory. After CAS has occurred, the PAL controller resets 
the 74ALS02 latch. 

During any memory cycle that the dynamic RAM is not 
selected, the controller effectively performs a cycle 
inhibit, allowing the DP8409 to perform a refresh If 
needed. One CPU clock cycle after the cycle starts, the 
74ALS02 latch is cleared. The DP8409 will use this short 
RASIN strobe to generate an All-RAS strobe If a hidden 
refresh Is pending. 

If a hidden refresh has not occurred in the allocated time 
(period of RFCK high), a forced refresh will be requested. 
The PAL controller will wait for the end of the current 
memory cycle, and immediately request a cycle hold, 
and then switch the DP8409 to the auto refresh mode. 
While the NS16201 is in the cycle hold state, NTSO will 
stay high, preventing the start of another memory cycle. 
After sufficient time has been allowed for the DP8409 to 
perform a forced refresh, the PAL controller will remove 
the cycle hold. 

Figure 2 shoves how, using the 68000, DP8409 and DP8400, 
and a controller, the same functions can be performed 
with a memory system controlled by a 68000 micro- 
processor. Timing for the 68000 system is similar to that 
for the NS16000, except for forced refresh and the 
generation of RASIN. The 68000 does not have a feature 
equivalent to cycle hold, so DTACK (Data Acknowledge) 
must be delayed If a memory cycle is requested during a 
forced refresh. 


PAL is a registered trademark of Monoiithic Memories, inc. 


m 
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Figure 1. Memory System for NS16032 Using DP8409, 
DP8400, and 64k Dynamic RAMs, Performing Error 
Checking/Correcting, Refreshing and Byte-Writing 
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Section 8 


Microprocessor 

Support ■■11 


TEMPERATURE RANGE 
-55Xto +125X OX to +70X 


DESCRIPTION 


PAGE 

NUMBER 


DP8212M 

XP8216M 

XP8226M 

XP8228M 

XP8238M 


DP8212 8-Bit Input/Output Port 

DP8216 4-Bit Bidirectional Bus Transceiver 

DP8226 4-Bit Bidirectional Bus Transceiver 

DP8224 Clock Generator and Driver 

DP8228 System Controller and Bus Driver 
DP8238 System Controller and Bus Driver 

NS16201 NS16000 Timing Control Unit 


8-4 

8-11 

8-11 

8-16 

8-22 

8-22 

Microprocessor 


‘Also available screened in accordance with MIL.-STD-883 Class B. Refer to National Semiconductor’s “The Reliability Handbook’’. 




MICROPROCESSOR SUPPORT CIRCUITS 


DESCRIPTION 

GENERAL 

PURPOSE 

8080 

CPU 

1 PART NUMBER | 

PAGE 

NO. 

0°C to +70°C 

-55°C to +125°C 

8-Bit I/O Port 

• 

• 

PP8212 

DP8212M 

8-4 

4-Bit Parallel Receiver/Driver 

• 

• 

DP8216, 

DP8216M, 

8-11 




DP8226 

DP8226M 

8-11 

Clock Generator/Driver 


• 

DP8224 


8-16 

System Controller/Bus Driver 



DP8228, 

DP8228M, 

8-22 




DP8238 

DP8238M 

8-22 

8-Bit 48 mA Bus Transceiver 

• 


DP8303 

DP7303 

2-6 

8-Bit 48 mA Bus Transceiver 

• 


DP8304B 

DP7304B 

2-11 

8-Bit 48 mA Bus Transceiver 

• 


DP8307 

DP7307 

2-16 

8-Bit 48 mA Bus Transceiver 

• 


DP8308 

DP7308 

2-20 

CRT Controller 

• 

• 

DP8350 


5-6 

CRT Qontroller 

• 

• 

DP8352, 


5-6 

CRT Controller 

• 

• 

DP8353 


5-6 

Octal D-Type Latch 

• 


MM74C373 

MM54C373 

CMOS 

■Octal D-Type Flip-Flop 

• 


MM74C374 

MM54C374 

CMOS 

16-Key Encoder 

• 


MM74C922 

MM54C922 

CMOS 

20-Key Encoder 

• 


MM54C923 

MM54C923 

CMOS 

Octal Transparent D Latch 

• 


DM74LS373 

DM54LS373 

LOGIC 

Octal Edge-Triggered D Flip-Flop 

• 


DM74LS374 

DM54LS374 

LOGIC 
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DP8212/DP8212M 



National 

Semiconductor 


Microprocessor Support 


DP8212/DP8212M 8-Bit input/Output Port 


General Description 

The DP8212/DP8212M is an 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
device, which is fabricated using Schottky Bipolar tech- 
nology, is part of National Semiconductor's N8080A 
microcomputer family. The DP8212/DP8212M can be 
used to implement latches, gated buffers, or multi- 
plexers. Thus, all of the major peripheral and input/ 
output functions of a microcomputer system can be 
Implemented with this device. 

The DP8212/DP8212M includes an 8-bit latch with 
TRI-STATE® output buffers, and device selection and 
control logic. Also included is a service request flip-flop 
for the generation and control of interrupts to the 
microprocessor. 


Features 

• 8-Bit Data Latch and Buffer 

• Service Request Flip-flop for Generation and Control 
of Interrupts 

• 0.25mA Input Load Current 

• TRI-STATE TTL Output Drive Capability 

• Outputs Sink 15mA 

• Asynchronous Latch Clear 

• 3.65V Output for Direct Interface to INS8080A 

• Reduces System Package Count by Replacing Buffers, 
Latches, and Multiplexers in Microcomputer Systems 


N8080A Microcomputer Family Block Diagram 
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Absolute Maximum Ratings 

Storage Temperature -65°C to +160°C 

All Output or Supply Voltages -0.5V to +7V 

All Input Voltages -1 .OV to 5.5V 

Output Currents 125 mA 

Maximum Power Dissipation* at 25°C 

Cavity Package 1903 mW 

Molded Package 2005 mW 

*Derate cavity package 12.7 mW/°C above 25° C; derate molded 
package 16.0 mW/°C above 25° C. 

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under dc electrical characteristics. 


Electrical Characteristics (Min < Ta < Max, Min < Vcc Max, unless otherwise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

If 

Input Load Current, 

STB,DS2,^, Dli-Dl8 Inputs 

Vf = 0.45 V 



-0.25 

mA 

If 

Input Load Current, MD Input 

Vf = 0.45V 



-0.75 

mA 

If 

Input Load Current, DS1 Input 

Vf = 0.45V 



-1.0 

mA 

IR 

Input Leakage Current 

STB, DS2, CLR, Dli-Dls Inputs 

Vr = Vcc Max 



10 

HA 

IR . ' 

Input Leakage Current, MD Input 

Vr = Vcc Max 



30 

juA 

IR 

1 

Input Leakage Current, DS1 Input 

Vr = Vcc Max 



40 

ma 

Vc 

Input Forward Voltage Clamp 

IC = — 5 mA 



-1 

V 

V|L 

Input "Low" Voltage 


DP8212M 



0.80 

V 

DP8212 



0.85 

V 

V|H 

Input "High" Voltage 


2.0 



V 

VOL- 

Output "Low" Voltage 

•OL = ”10 mA 

DP8212M 



0.45 

V 

lOL =15 mA 

DP8212 



0.45 

V 

VOH 

Output "High" Voltage 

lOH = —0.5 mA 

DP8212M 

3.40 

4.0 


V 

lOH = -10 mA 

DP8212 

3.65 

4.0 


V 

isc 

Short-Circuit Output Current 

Vq = OV. Vcc = 5V 

-15 


-75 

mA 

noi 

Output Leakage Current, High 
Impedance State 

Vo = 0.45V/VCC Max 



20 

■ 

fxA 

Icc 

Power Supply Current 


DP8212M 


90 

145 

mA 

DP8212 


90 

130 

mA 


Capacitance * 

F = IMHz, VbiaS = 2.5V, Vcc = 5V, Ta = 25° C. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

C|N 

DS1, MD Input Capacitance 


9 

12 

pF 

C|N 

DS2, CLR, STB, Dli-Dls Input Capacitance 


5 

9 

pF 

COUT 

D0 1— DOS Output Capacitance 


8 

12 

pF 


*This parameter is sampled and not 100% tested. 


Operating Conditions 


Supply Voltage (Vqc) 

MIN 

MAX 

UNITS 

DP8212M 

4.50 

5.50 

VdC 

DP8212 

Operating Temperature (T^) 

4.75 

5.25 

VdC 

DP8212M 

-55 

+125 

°c 

DP8212 

0 

+75 

°c 
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DP8212/DP8212M 




DP8212/DP8212M 


Switching Characteristics 

(Min < Ta < Max, Min < Vcc < Max) 


C\/l\ADr^l 

DADAIX/ICTTD 

1-. 

1 DP8212M 1 

1 DP8212 

o YIVIdUL 

rMnAlVltltn 

UUIMUI 1 IvJIMd 

MIN 

MAX 

MIN 

MAX 

tpw 

Pulse Width 


40 


30 


tPD 

Data to Output Delay 

(Note 5) 


30 


30 

tWE 

Write Enable to Output Delay 

(Note 5) 


50 


40 

tSET 

Data Set-Up Time 


20 


15 


tH 

Data Hold Time 


30 


20 


tR 

Reset to Output Delay 

(Note 5) 


55 


40 

ts 

Set to Output Delay 

(Note 5) 


35 


30 

tE 

Output Enable/Disable Time 

(Note 6) 


50 


45 

tc 

Clear to Output Delay 

(Note 5) 


65 


55 


Switching Conditions 


Conditions of Test: 

1. Input Pulse Amplitude = 2.5 V. 

2. Input Rise and Fall Times = 5ns. 

3. Between 1 V and 2V Measurements made at 1.5V 
with 15mA & 30pF Test Load. 

4. Cl includes jig and probe capacitance. 

5. CL = 30pF. 

6. Cl = 30 pF except for DP8212M tE{DISABLE) Cl = 5 pF 


Test Load 


Alternate Test Load 
(Refer to Timing Diagram) 


Timing Diagram 



DSi .052 


OUTPUT 


CLR . 


DO 



(ALTERNATE TEST LOAD) 


tPW H 



tC 






DP8212/DP8212M 


Logic Diagram 


DEVICE SELECT 


T> dST 

13> 0S2 


rTr> STB 
rrry or 

I 2 MO 




h=I> 




Logic Table A 


STB 

MD 

(DS 1 DS 2 ) 

DATA OUT 
EQUALS 

0 

0 

0 

TRI-STATE 

1 

0 

0 

TRI-STATE 

0 

1 

0 

DATA LATCH 

1 

1 

0 

DATA LATCH 

0 

0 

1 

DATA LATCH 

1 

0 

1 

DATA IN 

0 

1 

1 

DATA IN 

1 

1 

1 

DATA IN 


-resets data latch to the output low state. 


The data latch clock is level sensitive, a low level clock 
latches the data. 


Logic Table B 


CLR 

(DSrDS2) 

STB 

Q* 


0 RESET 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 


1 

0 

1 

1 RESET 

0 

0 

0 

1 

0 

0 

0 

1 


* Internal Service Request flip-flop. 




[T> Dll 


rr> 012 


[T> 


I 9 > DI 4 


□!> D 15 


nr> oi6 


017 


nr> 018 




SUFFERS I 


““Z I 6 > 


->4 


^>4 






iNT 


DO, nr> 


D03 rr> 


D 04 


005 pT^ 


■ DQb DI> 


D07 i i 9 > 


008 I 21 > 


Functional Pin Definitions 

The following describes the function of all the DP8212/ 
DP8212M input/output pins. Some of these descriptions 
reference internal circuits. 


INPUT SIGNALS 

Device Select (DSi, DS 2 ): When DSi is low and DS 2 is 
high, the device is selected. The output buffers are enabled 


and the service request flip-flop Is asynchronously reset 
(cleared) when the device Is selected. 

Mode (MD): When high (output mode), the output buffers 
are enabled and the source of the data latch clock input is 
the device selection logic (DSi ' DS 2 ). When low (input 
mode), the state of the output buffers is determined by the 
device selection logic (DSi • DS 2 ) and the source of the 
data latch clock input is the strobe (STB) input. 
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Functional Pin Definitions (Continued) 

Strobe (STB): Used as data latch clock input when the 
mode (MD) input is low (input mode). Also used to synch- 
ronously set the service request flip-flop, which is negative 
edge triggered. 

Data In (Dli ~ Dig): Eight-bit data input to the data latch, 
which consists of eight D-type flip-flops. Incorporating a 
level sensitive clock while the data latch clock input is high, 
the Q output of each flip-flop follows the data input. When 
the clock input returns low, the data latch stores th e data 
input. The clock input high overrides the clear (CLR) 
input data latch reset. 

Clear (CLR): When low, asynchronously resets (clears) 
the data latch and the service request flip-flop. The service 
request flip-flop is in the non-interrupting state when reset. 


OUTPUT SIGNALS 

Interrupt (INT): Goes low (interrupting state) when either 
the service request flip-flop is synchronously set by the 
strobe (STB) input or the device is selected. 

Data Out (DOi - DOg): Eight-bit data output of data 
buffers, which are TRI-STATE, non-inverting stages. These 
buffers have a common control line that either enables the 
buffers to transmit the data from the data latch outputs or 
disables the buffers by placing them in the high-impedance 
state. 


Connection Diagram 


oTi — 

1 

^ 

24 

— vcc 

MD — 

2 


23 

— iwf 

Dll — 

3 


22 

— Dl 8 

DD| — 

4 


21 

— D08 

Dl 2 — 

5 


20 

— DI 7 

DOz — 

6 

DP8212/ 

19 

— DO 7 

DI 3 — 

7 

DP8212M 

18 

— dig 

DO 3 

8 


17 

— dug 

OI 4 

9 


16 

— DI 5 

DO 4 — 

10 


15 

DO 5 

STB — 

11 


14 

— CLR 

GND — 

12 


13 

DSz 


Order Number DP8212J, DP8212N 
or DP8212MJ 

See NS Package J24A or N24A 


Applications in Microcomputer Systems 



Gated Buffer 
(TRI-STATE) 



DATA 

BUS 


DATA BUS 
CONTROL 
(0=L-^R) 
(I = R -* L) 


VCC 
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DP8212/DP8212M 


Applications in Microcomputer Systems (Continued) 


Interrupting Input Port 


Interrupt instruction Port 


DATA 



TO PRIORITY CKT 
(ACTIVE LOW) 


TO CPU 

INTERRUPT INPUT 


vcc data 



Output Port (with Hand-Shaking) 


DATA 

BUS 




SYSTEM 

INTERRUPT" 


DP8212/ 

DP8212M 


INT CLR 
DSzMDDSi 


- OUTPUT STROBE 
(HANDSHAKING 
SIGNAL FROM 
OUTPUT DEVICE) 


=> 


SYSTEM OUTPUT 


SYSTEM RESET 


Vcc 


3 


PORT SELECTION 
(LATCH CONTROL) 


INS8080A Status Latch 
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National 

Semiconductor 


Microprocessor Support 


DP8216/DP8216M, DP8226/DP8226M 
4'Bit Bidirectional Bus Transceivers 


General Description 

The DP8216/DP8216M and DP8226/DP8226IVI are 
4-bit bidirectional bus drivers for use in bus oriented 
applications. The non-inverting D P821 6/D P821 GIVI and 
inverting DP8226/DP8226M drivers are provided for 
flexibility in system design. 

Each buffered line of the four-bit driver consists of two 
separate buffers that are TRI-STATE® to achieve direct 
bus interface and bidirectional capability. On one side 
of the driver the output of one buffer and the input of 
another are tied together (DB); this side is used to inter- 
face to the system side components such as memories, 
I/O, etc., because its interface is TTL compatible and it 
has high drive (50 mA); On the other side of the driver 
the inputs and outputs are separated to provide maximum 
flexibility. Of course, they can be tied together so that 
the driver can be used to buffer a true bidirectional bus. 
The DO outputs bn this side of the driver have a special 
high voltage output drive capability so that direct inter- 
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high” the 
output drivers are all forced to their high-impedance 
state. When it is a "low" the device is enabled and the 
direction of the data flow is determined by the DIEN 
input. 


The DIEN input controls the direction of data flow, 
which is accomplished by forcing one of the pair of 
buffers into its high-impedance state and allowing the 
other to transmit its data. A simple two-gate circuit is 
used for this function. 


Features 

■ Data bus buffer driver for 8080 type CPUs 

■ Low input load current — 0.25 mA maximum 

■ High output drive capability for driving system data 
bus — 50 mA at 0.5 V 

■ Power up-down protection 

■ DP8216/DP8216I\/1 have non-inverting outputs 

■ DP8226/DP8226M have inverting outputs 

■ Output high voltage compatible with direct interface 
toMOS 

■ TRI-STATE outputs 

■ Advanced Schottky processing 

■ Available in military and commercial temperature 
ranges 


Logic and Connection Diagrams 


DP8216/DP8216M 


DP8226/PD8226M 



Order Number DP8216J, DP8216N, DP8226J, 
DP8226N, DP8216MJ or DP8226MJ 
See NS Package J16A or N16A 
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DP8216/DP8216M, DP8226/DP8226M 


Absolute Maximum Ratings (Note d 

Operating Conditions 



Min 

Max Units 


Min Max Units 

All Output and Supply Voltages -0.5 

+7.0 V Supply Voltage, Vqc 



All Input Voltages -1.0 

+55 V DP8216M, DP8226M 

4.5 5.5 V 



DP8216 DP8226 

4.75 5.25 V 

Output Currents 

125 mA 





Storage Temperature -65 

+150 °C Temperature, Ta 

DP8216M, DP8226M - 

55 +125 °C 

Maximum Power Dissipation at 25°C 

DP8216, DP8226 

0 +70 

°C 

Cavity Package 

1509 mW 





Molded Package 

1476 mW 





Lead Temperature (soldering, 10 seconds) 

+300 °C 





*Derate cavity package 10.1 mW/®C above 25° C; derate molded package 1 1 .8 mW/°C 





above 25° C. 







Electrical Characteristics dp 8216 , dp 8226 vcc = b v ± 5% (Notes 2, 3, and 4) 



Parameter 


Limits 


Symbol 

Description 

Conditions 

Min 

Typ 

Max 

Units 

DRIVERS 

V|L 

Input Low Voltage 




0.95 

V 

V|H 

Input High Voltage 


2 



V 

ip 

Input Load Current 

Vf = 0.45 V 


-0.03 

-0.25 

mA 

• r 

Input Leakage Current 

Vr = 5.25 V 



10 


Vc 

Input Clamp Voltage 

IC = -5 mA 



-1.2 

V 

V0L1 

Output Low Voltage 

lOL “ 25 mA 


0.3 

0.45 

V 



DP8216 l0L = 55mA 





VOL2 

Output Low Voltage 



0.5 

0.6 

V 



DP8226 JoL = 50mA 





VOH 

Output High Voltage 

lOH ~ -10mA 

2.4 

3.0 


V 

isc 

Output Short Circuit Current 

Vcc = 5.0 V 

-30 

-75 

-120 

mA 

noi 

Output Leakage Current TRI -STATE 

Vo = 0.45V/5.5V 



100 

ma 

RECEIVERS 

V|L 

Input Low Voltage 




0.95 

V 

V|H 

Input High Voltage 


2 



V 

«F 

Input Load Current 

Vf = 0.45 V 


-0.08 

-0.25 

mA 

Vc 

Input Clamp Voltage 

IC = -5 mA 



-1.2 

V 

VoL 

Output Low Voltage 

lOL “ 15mA 


0.3 

0.45 

V 

V0HI 

Output High Voltage 

lOH = -1 iTiA 

3.65 

4.0 


V 

Isc 

Output Short Circuit Current 

Vo^OV 

-15 

-35 

-65 

mA 

l*ol 

Output Leakage Current TRI -STATE 

Vo = 0.45 V/5.5V 



20 

ma 

CONTROL INPUTS (CS, DIEN) 

V|L 

Input Low Voltage 




0.95 

V 

V|H 

Input High Voltage 


2 



V 

Ip 

Input Load Current 

Vf = 0.45 V 


-0.15 

-0.5 

mA 

Jr 

Input Leakage Current 

Vr = 5.25 V 



20 

fiA 

'cc 

Power Supply Current 







DP8216 



95 

130 

mA 


DP8226 



85 

120 

mA 
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Electrical Characteristics dp8216wi, dp8226m vcc = 5v±io%(Notes2,3and4) 

Parameter 

Conditions 

Limits 

Units 

Symbol 

Description 

Min 

Typ 

Max 

DRIVERS 

V|L 

Input Low Voltage 







DP8216M 




0.95 

V 


DP8226IV1 




0.90. 

V 

V|H 

Input High Voltage 


2 



V 

If 

Input Load Current 

Vf = 0.45 V 


-0.08 

-0.25 

mA 

Ir . 

Input Leakage Current 

Vr =5.5V 



40 

MA 

Vc 

Input Clamp Voltage 

IC = -5mA 



-1.2 

V 

VOLI 

Output Low Voltage 

lOL “ 25mA 


0.3 

0.45 

V 

VOL2 

Output Low Voltage 

lOL ~ 45 mA 


0.5 

0.6 

V 

VOH 

Output High Voltage 

lOH = -5 mA 

2.4 

3.0 


V 

isc 

Output Short Circuit Current 

Vcc = 5.0V 

-30 

-75 

-120 

mA 

Hoi 

Output Leakage Current TRI-STATE 

Vo = 0.45 V/5.5V 



100 

mA 

RECEIVERS 

V|L 

Input Low Voltage 







DP8216M 




0.95 

V 


DP8226M 


■ 


0.9 

V 

V|H 

Input High Voltage 

■ 

2 



V 

If 

Input Load Current 

Vf = 0.45 V 


-0.08 

-0.25 

mA 

Vc 

Input Clamp Voltage 

Ic = -5 mA 



-1.2 

V 

VOL 

Output Low Voltage 

lOL = 15mA 


0.3 

0.45 

V 

VOHI 

Output High Voltage 

•oh ”0.5 mA 

3.4 

3.8 


V 

VOH2 

Output High Voltage 

•oh = -2 mA 

2.4 



V 

Isc 

— 

Output Short Circuit Current 

Vcc = 5.0V 

-15 

-35 

-65 

mA 

Hoi 

Output Leakage Current TRI-STATE 

Vo = 0.45V/5.5V 



20 

iuA 

CONTROL INPUTS (CS, DIEN) 

V|L 

Input Low Voltage 







DP8216M 




0.95 

V 


DP8226M 




0.9 

V 

V|H 

Input High Voltage 


2 



V 

If 

Input Load Current 

Vf = 0.45 V 


-0.15 

-0.5 

mA 

'r 

Input Leakage Current 

Vr = 5.5V 



80 

/iA 

Icc 

Power Supply Current 

' 






DP8216M 



95 

130 

mA 


DP8226M 

• 


85 

120 

mA 



DP8216/DP8216M, DP8226/DP8226M 





DP8216/DP8216M, DP8226/DP8226M 


Switching Characteristics (Notes 2 , 3 . and 4) 

Parameter 

Conditions 

Limits 

Units 

Symbol 

Description 

Min 

Typ 

Max 

DP8216M, DP8226M, Vcc = 5V ±10% 

tPDI 

Input to Output Delay, DO Outputs 

Cl = 30 pF, R 1 = 300 12, 
R2 = 60012 


15 

25 

ns 

tPD2 

Input to Output Delay, DB Outputs 
DP8216M 

DP8226M 

Cl = 300pF, Ri =9012, 
R2= 18012 


19 

16 

33 

25 

ns 

ns 

tE 

Output Enable Time 

DP8216M 

DP8226IVI 

DO Outputs: Cl = 30 pF, 
Rl =300 12/1 0kl2, 

R2 = 60012/1 kl2 

DB Outputs: Cl = 300 pF, 
Rl =9012/10kl2, 

R2= 18012/1 kl2 


42 

36 

75 

62 

ns 

ns 

tD 

Output Disable Time 

DP8216M 

DP8226M 

DO Outputs: Cl = 5 pF, 

R1 =300 12/1 0kl2, 

R2 = 60012/1 kl2 

DB Outputs: Cl = 5 pF, 

Rl =9012/10kl2, 

R2= 18012/1 kl2 


16 

16 

40 

38 

ns 

ns 

DP8216, DP8226 Vcc = 5.0V±5% 

tPDI 

Input to Output Delay, DO Outputs 

Cl = 30pF, Rl = 30012 , 
R 2 = 60012 


15 

25 

ns 

tPD2 

Input to Output Delay, DB Outputs 
DP8216 

DP8226 

Cl = 300pF,Ri =9012, 
R2= 18012 


20 

16 

30 

25 

ns 

ns 

tE 

Output Enable Time 

DP8216 

DP8226 

DO Outputs: Cl = 30 pF, 
Rl =300 12/1 0kl2, 

R2 = 60012/1 kl2 

DB Outputs: Cl = 300 pF, 
Rl = 9012/10kl2, 

R2= 18012/1 kl2 


45 

35 

65 

54 

ns 

ns 

tD 

Output Disable Time 

DO Outputs: Cl = 5 pF, 

Rl =300 12/1 0kl2, 

R2 = 60012/1 kl2 

DB Outputs: Cl = 5 pF, 

Rl =9012/10kl2, 

R2= 18012/1 kl2 


20 

35 

ns 

Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/maxlimits apply across the —55°Cto+125®Ctemperature range for the DP8216M and DP8226M 
and across the 0°C to +70° C temperature range for the DP8216 and DP8226. All typical values are given for Vqq = 5 V and T/^ = 25° C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 
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Test Conditions 


Test Load Circuit 


Input pulse amplitude of 2.5 V. 

Input rise and fall times of 5.0 ns between 1.0 V and 2.0 V. 
Output loading is 5.0mA and lOpF. 

Speed measurements are made at 1.5 V levels. 



Switching Time Waveforms 



Capacitance ta = 25 °c 




Limit 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

C|N 

Input Capacitance 


4 

i 

6 

pF 

COUT 

Output Capacitance 






DO Outputs 


6 

10 

pF 


DB Outputs 


13 

18 

pF 


Note: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, VgiAS ~ 2.5 V, 
Vcc = 5.0V,andTA = 25°C. 
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DP8224 


National Microprocessor Support 

Semiconductor 

DP8224 Clock Generator and Driver 


General Description 

The DP8224 is a clock generator/driver contained in a 
standard, 16-pin dual-in-line package. The chip, which is 
fabricated using Schottky Bipolar technology, generates 
clocks and timing for National Semiconductor's N8080A 
microcomputer family. 

Included in the DP8224 is an oscillator circuit that is 
controlled by an external crystal, which is selected by 
the designer to meet a variety of system speed require- 
ments. Also Included in the chip are circuits that provide: 
a status strobe for the DP8228 or DP8238 system con- 
trollers, power-bn reset for the INS8080A microproces- 
sor, and synchronization of the READY input to the 
INS8080A. 


N8080A Microcomputer Family Block Diagram 



Features 

• Crystal-Controlled Oscillator for Stable System 
Operation 

• Single Chip Clock Generator and Driver for INS8080A 
Microprocessor 

• Provides Status Strobe for DP 8228 or DP 8238 System 
Controllers 

• Provides Power-On Reset for INS8080A Micro- 
processor 

• Synchronizes READY Input to INS8080A Micro- 
processor 

• Provides Oscillator Output for Synchronization of 
External Circuits 

• Reduces System Component Count 
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Absolute Maximum Ratings 

(Note 2) 

Operating Conditions 





MIN 

MAX 

I 

Supply Voltage 


Supply Voltage 



Vcc 

7V 

Vcc 

4.75 

5.25 

Vdd 

15V 

VdD 

11.4 

12.6 

Input Voltage ^ 

-1V to +5.5V 

Temperature (T/^) 

0 

+70 


Storage T emperature Range -65° C to +1 50° C 

Maximum Power Dissipation* at 25° C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 11 .8 mW/°C above 25° C. 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

If 

Input Current Loading 

Vp = 0.45V 




mA 

IR 

Input Leakage Current 

Vr = 5.25V 



10 

pA 

vc 

Input Forward Clamp Voltage 

IC = —5 mA 



-1.0 

V 

V|L 

Input "Low" Voltage 

Vcc = 5V 



0.8 

V 

V|H 

Input "High" Voltage 

RESIN Input 

2.6 



V 



All Other Inputs 

2.0 



V 

V|H-V|L 

RESIN Input Hysteresis 

Vcc = 5V 

0.25 



V 

VOL 

Output "Low" Voltage 






(01, 02), Ready, Reset, 

STSTB 

Iql " 2.5 mA 




V 

Osc., 02 (TTL) 

lOL 



HESS 

V 

Osc.,02 (TTL) 

•OL mA 



0.45 

V 

VOH 

Output "High" Voltage 





■■ 

01,02 

IqH = -100 AiA 

9.4 




Ready, Reset 

IqH = -100 inA 

3.6 



V 

Osc.,02 (TTL), STSTB 

lOH = -1 mA 

2.4 



V 

isc 

Output Short-Circuit Current 
(All Low Voltage Outputs 

Only), (Note 1) 

Vo = OV, Vcc = 5V 

-10 


-60 

mA 

icc 

Power Supply Current 




115 

mA 

Idd 

Power Supply Current 




12 

mA 


Note 1 : Caution — <t>^ and 02 output drivers do not have short circuit protection. 

Note 2: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 3: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DP8224. All typical values are for T/\ = 25° C, 

Vcc = 5V,and Vdd = 12V. 


Crystal Requirements* 


Tolerance 
Resonance 
Load Capacitance 


0.005% at 0°Cto +70° C 
Fundamental** 
20 pF to 30 pF 


Equivalent Resistance 
Power Dissipation (Min) 


75^2 to 20a 
4mW 


It is good design practice to ground the case of the crystal 
*With tank circuit, use 3rd overtone mode 
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DP8224 


Switching Characteristics (Note si 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t 0 i 01 Pulse Width 

■ 

Cl = 20 pF to 50 pF 

2tCY 

9 



ns 

, 

t 02 02 Pulse Width 

^-35 

9 




tDl 01 to 02 Delay 

0 



B 

tD2 02 to 01 Delay 

?^-14 

9 



■ 

tD3 01 to 02 Delay 

2 tcY 

9 


2 tCY 

— 20 

9 

ns 

tr 01 and 02 Rise Time 



20 

ns 

tf 01 and 02 Fall. Time 



20 

ns 

tD02 02 to 02 (TTL) Delay 

02 TTL, Cl = 30pF, 

R1 = 300«, R2= 600n 

-5 


15 

ns 

tDSS 02 to STSTB Delay 

STSTB, Cl= 15pF 

R1 = 2kS7,R2 = 4kn 

6 tcY 

30 

9 



ns 

tpw STSTB Pulse Width 

'-2^-15 

9 

' 


ns 

■ < 

tQRS RDYIN Set-Up Time to Status Strobe 

50 

9 



ns 

tDRH RDYIN Hold Time After STSTB 

4tcY 

9 



ns 

tDR READY or RESET to 02 Delay 

Ready and Reset, Cl = 10 pF, 

R1 =2kn, R2 = 4kn 

1^-25 

9 



ns 

tCLK CLK Period 



tCY 


ns 

^MAX Maximum Oscillating Frequency 


27 



MHz 

C||\j Input Capacitance 

Vcc=5V, Vdd= 12V. 

VbIAS= 2.5V, f = 1 MHz 



8 

pF 


Test Circuit 
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PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t 0 i 01 Pulse Width 

01 and 02 Loaded to C|_ = 20 to 50 pF 
Ready & Reset Loaded to 2 mA/10 pF 

All Measurements Referenced to 1.5V 

unless Specified Otherwise 

89 



ns 

t02 02 Pulse Width 

236 



ns 

tD 1 Delay 01 to 02 

0 



ns 

tD2 Delay 02 to 01 

95 



ns 

tD 3 Delay 01 to 02 Leading Edges 

109 


129 

ns 

tf Output Rise Time 



20 

ns 

tf Output Fall Time 



20 

ns 

^DSS 02 to STSTB Delay 

296 


326 

ns 

tD02 02 to 02 (TTL) Delay 

-5 


15 

ns 

tpw Status Strobe Pulse Width 

40 



ns 

^DRS RDYIN Set-Up Time to STSTB 

-167 



ns 

tDRH RDYIN Hold Time after STSTB 

217 



ns 

tDR READY or RESET to 02 Delay 

192 



ns 

^MAX Oscillator Frequency 



18.432 

MHz 
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Functional Pin Definitions 


The following describes the function of all of the 
DP8224 input/output pins. Some of these descriptions 
reference internal circuits, 

INPUT SIGNALS 

Crystal Connections (XTAL 1 and XTAL 2): Two inputs 
that connect an external crystal to the oscillator circuit 
of the DP8224. Normally, a fundamental mode crystal 
is used to determine the basic operating frequency 
of the oscillator. However, overtone rnode crystals 
may also be used. The crystal frequency is 9 times 
the desired microprocessor speed (that is, crystal fre- 
quency equals 1/tCY x 9). When the crystal frequency 
is above 10 MHz, a selected capacitor (3 to 10 pF) 
may have to be connected in series with the crystal 
to produce the exact desired frequency. Figure A. 

Tank: Allows the use of overtone mode crystals with 
the oscillator circuit. When an overtone mode crystal is 
used, the tank input connects to a parallel LC network 
that Is ac coupled to ground. The formula for determin- 
ing the resonant frequency of this'^LC network is as 
follows: 1 

F = ^ 

277x/La 

Synchronizing (SYNC) Signal: When high, indicates the 
beginning of a new machine cycle. The INS8080A 
microprocessor outputs a status word (which describes 
the current machine cycle) onto its data bus during the 
first state (SYNC interval) of each machipe cycle. 

Reset In (RESIN): Provides an automatic system reset 
and start-up upon application of power as follows. The 
RESIN input, which is obtained from the junction of 
an external RC network that is connected between Vcc 
and ground, is routed to an internal Schmitt Trigger 
circuit. This circuit converts the slow transition of the 
power supply rise into a sharp, clean edge when its input 
reaches a predetermined value. When this occurs, an 
internal D-type flip-flop is synchronously reset, thereby 
providing the -RESET output signal discussed below. 


For manual system reset, a momentary contact switch 
that provides a low (ground) when closed is also con- 
nected to the RESIN Input. 

Ready In (RDYIN): An asynchronous READY signal 
that is re-clocked by a D-type flip-flop of the DP8224 to 
provide the synchronous READY output discussed 
below. 

+5 Volts: V 0 Q supply. 

+12 Volts: Vdd supply. 

Ground: 0 volt reference. 

OUTPUT SIGNALS 

Oscillator (OSC): A buffered oscillator signal that can 
be used for external timing purposes. 

01 and 02 Clocks: Two non-TTL compatible clock phases 
that provide nonoverlapping timing references for 
internal storage elements and logic circuits of the 
INS8080A microprocessor. The two clock phases are 
produced by an internal clock generator that consists 
of a dIvide-by-nine counter and the associated decode 
gating logic. Figure B. 

02 (TTL) Clock: A TTL 02 clock phase that can be used 
for external timing purposes. 

Status Strobe (STSTB): Activated (low) at the start of 
each new machine cycle. The STSTB signal is generated 
by gating a high-level SYNC Input with the 0 ia timing 
signa l from the internal clock generator of the DP8224. 
The STSTB signal is used to clock status information 
into the status latch of the DP8228 system controller 
and bus driver. 

Reset: When the RESET signal is activated, the content 
of the program counter of the INS8080A Is cleared. 
After RESET, the program will start at location 0 in 
memory. 

Ready: The READY signal indicates to the INS8080A 
that valid memory or input data is available. This signal 
is used to synchronize the INS8080A with slower 
memory or input/output devices. 


Logic and Connection Diagrams 



nr> 


CIi> 

nD> 

□> 

ti> 


cz> 

□> 


Dual-ln-Line Package 



Order Number DP8224J or DP8224N 
See NS Package J16A or N16A 
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27r^/LC 
USED ONLY 
FOR OVERTONE 
CRYSTALS 


HDh 


3-lOpF 

(ONLY NEEDED 
ABOVE lOMHz) 



<j>2 



OSC. FREQ. 


I 

I 

1 I I 11 I I 

1121314151 I2l 
I I • • LJ-J L 



(8080 tCY = 500 ns) 

OSC = 18 mHz/55 ns 

01 = 110ns (2x 55ns) 

02= 275 ns (5x55 ns) 

02 - 01 = 1 1 0 ns (2 X 55 ns) 


Figure B. DP8224 Clock Generator Waveforms 


Figure A. DP8224 Connection Diagram 






DP8228/DP8228M, DP8238/DP8238M 


National Microprocessor Support 

Semiconductor 

DP8228/DP8228M, DP8238/DP8238M 
System Controller and Bus Driver 

General Description 

The DP8228/DP8228M, DP8238/DP8238M are 

system controller/bus drivers contained in a standard, 

28-pin dual-in-line package. The chip, which is fabri- 
cated using Schottky Bipolar technology, generates all 
the read and write control signals required to directly 
interface the memory and input/output components of 
National Semiconductor's INS8080A microcomputer 
family. The chip also provides drive and isolation for 
the bidirectional data bus of the INS8080A micro- 
processor. Data bus isolation enables the use of slower 
memory and Input/output components in a system, 
and provides for enhanced system noise immunity. 

A user-selected single-level interrupt vector (RST 7) is 
provided by the device for use in the interrupt structure 
of small systems that need only one basic vector. No 
additional components (such as an interrupt instruction 
port) are required to use the single interrupt vector In 
these systems. The d evices also generate an Interrupt 
Acknowledge (INTA) control signal for each byte of a 
multibyte CALL instruction when an interrupt is 


acknowledged by the INS8080A. This feature permits 

the use of a multilevel priority interrupt structure in 

large, interrupt-driven systems. 

Features 

• Single Chip System Controller and Bus Driver for 
iNS8080A Microcomputer Systems 

• Allows Use of Multibyte CALL Instructions for 
Interrupt Acknowledge 

• Provides User-Selected Single-Level Interrupt Vector 
(RST 7) 

• Provides Isolation for Data Bus 

• Supports A Wide Variety of System Bus Structures 

• Reduces System Component Count 

• DP8238/DP8238M Provides Advanced Input/Output 
Write and Memory Write Control Signals for Large 
System Timing Control 



N8080A Microcomputer Family Block Diagram 
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Absolute Maximum Ratings Operating Conditions 


Storage Temperature 

-65°Cto +150°C 

Supply Voltage (Vcc) 

MIN 

MAX 

UNITS 

Supply Voltage, Vqq 

-0.5V to +7V 

DP8228M, DP8238M 

4.50 

5.50 

Vdc 

Input Voltage 

Output Current 

-1.5V to +7V 

100 mA 

DP8228, DP8238 

Operating Temperature (T/^) 

4.75 

5.25 

Vdc 

Maximum Power Dissipation* at 25°C 


DP8228M, DP8238M 

-55 

+125 

°C 

Cavity Package 

Molded Package 

2179 mW 

2361 mW 

DP8228, DP8238 

0 

+70 

°C 


Derate cavity package 14.5 mW/°C above 25° C; derate molded 
package 18.9 mW/°C above 25° C. 

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under DC electrical characteristics. 


Electrical Characteristics 

(Min < T/\ < Max, Min < Vcc ^ Max, unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 1) 

MAX 

UNITS 

Vc 

Input Clamp Voltage, All Inputs 

Vcc “ Min, Ic = —5 mA 


0.6 

-.1.0 

V 

If 

Input Load Current 

1 Vcc = Max 







STSTB 

Vp = 0.45V for DP8228,DP8238 



500 

HA 


D2 and D6 

Vp = 0.40V for DP8228M, DP8238M 



750 

ma 


DO, D1, D4, D5and D7 





250 

ma 


All Other Inputs 





250 

(lA 

Ir 

Input Leakage Current 

Vcc " Max, Vr = Vcc 







DB0-DB7 





20 

UA 


All Other Inputs 





100 

ma 

vth 

Input Threshold Voltage, 

All Inputs 

Vcc = 5V 

0.8 


2.0 

V 

Icc 

Power Supply Current 

Vcc Max 

DP8228, DP8238 


160 

190 

mA 



DP8228M, DP8238M 


160 

210 

mA 

VOL 

Output Low Voltage 







D0-D7 

Vcc = Min, Iql = 2 mA 

DP8228M, DP8238M 



0.50 

V 



DP8228, DP8238 



0.45 

V 


All Other Outputs 

Vcc “ Min, Iql " 10 mA 

DP8228M, DP8238M 



0.50 

V 



DP8228, DP8238 



0.45 

V 

VOH 

Output High Voltage 







D0-D7 

Vcc = Min, IqH" — 10/iA 

DP8228M, DP8238M 

3.3 

3.8 


V 



DP8228, DP8238 

3.6 

3.8 


V 


All Other Outputs 

Vcc “ Min, Iqh —1 rnA 

2.4 

3.8 


V 

lOS 

Short Circuit Current, All Outputs 

Vcc = 5V, Vo = OV 

15 


90 

mA 

lO(OFF) 

OFF State Output Current 

Vcc = Max, Vq = Vcc 



100 

fa 


All Control Outputs 

Vcc = Max, Vo = 0.45V 



-100 

aa 

l|NT 

INTA Current 

(See Test Conditions, Figure 3) 



5 

mA 


Note 1 : Typical values are for = 25° C and typical supply voltages. 


Capacitance 

VbiaS = 2.5V, Vcc = 5.0V, Ta = 25° C, f = 1 MHz. 


PARAMETER 

MIN 

TYP 
(Note 1) 

MAX 

UNITS 

C|N 

Input Capacitance 


8 

12 

pF 

Gout 

Output Capacitance Control Signals 


7 

15 

pF 

I/O 

I/O Capacitance (D or DB) 


8 

15 

pF 


This parameter is periodically sampled and not 100% tested. 
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DP8228/DP8228M, DP8238/DP8238M 


Switching Characteristics 

(Min < Vcc < Max, Min < < Max) 



PARAMETER 

CONDITIONS 

DP8228M, 

DP8238M 

DP8228, 

DP8238 

UNITS 




MIN 

MAX 

MIN 

MAX 


tpw 

Width of Status Strobe 


25 


22 


ns 

tss 

Set-Up Time, Status Inputs DO— D7 


8 


8 


ns 

tSH 

Hold Time, Status Inputs DO— D7 


5 


5 


ns 

tDC 

Delay from STSTB to Any Control 
Signal 

(Figure 2) 

20 

75 

20 

60. 

ns 

tRR 

Delay from DBIN to Control 

Outputs 

(Figure 2) 


30 


30 

ns 

tRE 

Delay from DBIN to Enable/ 

Disable 8080 Bus 

(Figure 1} 


45 


45 

ns 

tRD 

Delay from System Bus to 8080 

Bus during Read 

(Figure 1) 


45 


30 

ns 

tWR 

Delay from WR to Control Outputs 

(Figure 2} 

5 

60 

5 

45 

ns 

tWE 

Delay to Enable System Bus 

DB0-DB7 after STSTB 

(Figure 2) 


30 


30 

ns 

tWD 

Delay from 8080 Bus DO— D7 to 
System Bus DBO— DB7 during Write 

(Figure 2) 

5 

40 

5 

40 

ns 

tE 

Delay from System Bus Enable to 
System Bus DB0-DB7 

(Figure 2) 


30 


30 

ns 

tHD 

HLDA to Read Status Outputs 

(Figure 2) 


25 


25 

ns 

tDS 

Set-Up Time, System Bus Inputs 

to HLDA 


10 


10 


ns 

tDH 

Hold Time, System Bus Inputs 

to HLDA 


20 


20 


ns 



FIGURE I.Test Load 


FIGURE 2. Test Load 


FIGURE 3. INTA Test Circuit (For RST 7) 
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Timing Diagram 


J’AIi—TMl. 



VOLTAGE MEASUREMENT POINTS: Dq - D 7 (when outputs) Logic "0” = 0.8 V, Logic "1 ” = 3.0 V. All other signals measured at 1 .5 V. 
^Advanced l/OW MEMW for 8238 only. 


Functional Pin Definitions 

The following describes the function of all of the 
DP8228/DP8228IVI, DP8238/DP8238M pinouts. Some 
of these descriptions reference internal circuits. 

INPUT SIGNALS 

Status Strobe (STSTB): Activat ed (low ) at the start of 
each new machine cycle. The STSTB input is used to 
store a status word (refer to chart) from the INS8080A 
microprocessor into the internal status latch of the 
DP822 8, DP8238. The status word is latched when the 
STSTB returns to the high state. The INS8080A outputs 
this status word onto its data bus during the first state 
(SYNC interval) of each machine cycle. 

Data Bus In (DB.IN): When high, indicates that the 
INS8080A data bus is in the input mode. The DBIN 
signal is used to gate data from memory or an input/ 
output device onto the data bus. 

Write (WR): When low, indicates that the data on the 
INS8080A data bus are stable for WRITE memory or 
output operation. 

Hold Acknowledge I HLDA): When high, indicates that 
the INS8080A data and address buses will go to their 
high impedance state. When in the data bus read mode, 
DBIN input in the high state, a high HLDA input will 
latch the data bus information into the driver circuits 
an d gate off the applicable control signal I/OR, MEMR, 
or INTA (return to the output high state). 

Bus Enable (BUSEN): Asynchronous DMA input to the 
internal gating array. When low, normal operation of the 
internal bidirectional bus driver and gating array occurs. 
When high, the bus driver and gating array are driven 
to their high impedance state. 

Vqc Supply: +5 volts. 

Ground: 0 volt reference. 


OUTPUT SIGNALS 

Memory Read (MEMR): When low, signals data to be 
loaded in from memory. The MEMR signal is generated 
by strobing in status word 1, 2, or 4. (Refer to status 
word chart.) 

Memory Write (MEMW): When low, signals data to be 
stored in memory. The MEMW signal is generated for 
the DP8238 by strobing in status word 3 or 5. (R efer to 
status word chart.) For the DP8228, the MEMW signal 
is generated by gating a low-level WR input with the 
strobed in status word 3 or 5. 

Input/Output Read (I/OR): When low, signals data to be 
loade d in from an addressed input/output device. The 
I/OR signal is generated by strobing in status word 6. 

Input/Output Write (l/OW): When low, signals data to 
be tra nsferred to an addressed input/output device. The 
I/OW signal for the DP8238 is generated by s trobing in 
status word 7. For the DP8228 the l/OW signal is 
generated by gating in a low-level WR input with the 
strobed in status word 7. 

Interrupt Acknowledge (INTA): When low, indicates that 
an Interrupt has be en ack nowledged by the INS8080A 
microprocessor. The INTA signal is generated by strobing 
in status word 8 or 10. 

Single Level Interrupt (RST 7): When the INTA output 
is tied to 12 V through a 1 kil resistor, strobing in status 
word 8 or 10 will cause the CPU data bus outputs, when 
active, to go to the high state. 

INPUT/OUTPUT SIGNALS 

CPU Data (D7 - Dq) Bus: This bus comprises eight 
TRI-STATE input/output lines that connect to the 
INS8080A microprocessor. The bus provides bidirec- 
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DP8228/DP8228M, DP8238/DP8238M 


Functional Pin Definitions (Continued) 

tional communication between the CPU, memory, and 
input/output devices for instructions and data transfers. 
A status word (which describes the current machine 
cycle) is also outputted on this data bus during the first 
microcycle of each machine cycle (SYNC = logic 1 ). 


System Data (DB7-DB0) Bus: This bus comprises eight 
TRI-STATE input/output lines that connect to the 
memory and input/output components of the system. 
The internal bidirectional bus driver isolates the 
DB7 - DBq Data Bus from the D7 - Dq Data Bus. 


Status Word Chart 


1 

Machine Cycle 

Status 

Word 

Data Bus Bit 

Control 

Signal 

D7 

De 

D5 

D4 

D3 

D2 

Di 

Do 

Instruction Fetch 

1 

1 

0 

1 

0 

0 

0 

1 

0 

MEMR 

Memory Read 

2 

1 

0 

b 

0 

0 

0 

1 

0 

MEMR 

Memory Write 

3 

0 

' 0 

0 

0 

0 

0 


0 

MEMW 

Stack Read 

4 

1 

0 

0 

0 

0 

1 

1 

0 

MEMR 

Stack Write 

5 

0 

0 

0 

0 

0 

1 

0 

0 

MEMW 

Input Read 

6 

0 

1 

0 

0 

0 

0 

1 

0 

T 70 R 

Output Write 

7 

I 

0 

0 

0 

1 

0 

0 

0 

0 

iTow 

Interrupt Acknowledge 

8 

0 

0 

1 

0 

0 

0 

1 

1 

INTA 

Halt Acknowledge 

9 

1 

0 

0 

0 

1 

0 

1 

0 

(none) 

Interrupt Acknowledge While Halt 

10 

0 

0 

1 

0 


0 


1 

INTA 


Block and Connection Diagrams 



Dual-ln-Line Package 


HLDA 

Wr 

OBIN 

0B4 

D4 

DB7 

D7 

DB3 

D3 

DB2 

D2 

DBO 

GNO 



VCC 

iTow 

MEMW 

i/OR 

MEiviR 

iim 

BUSEN 

06 

DB6 

05 

0B5 

01 

OBI 

00 


Order Number DP8228J, DP8228MJ, DP8228N, 
' DP8238J, DP8238MJ or DP8238N 
See NS Package J28A or N28A 


8-26 







Section 9 

Data 

Communications 

Support 


DEVICE 

DESCRIPTION 

PAGE 

NUMBER 

DP8340 

Serial Bi-Phase Transmitter/Encoder 

9-3 

DP8341 

Serial Bi-Phase Receiver/Decoder 

9-12 

DP8342 

High-Speed Serial Transmitter/Encoder 

9-23 

DP8343 

High-Speed Serial Receiver/Decoder 

9-32 





National 

Semiconductor 


Data Communications Support 


DP8340 Serial Bi-Phase 


Transmitter/Encoder 

Features 


General Description 

The DP8340 generates a complete encoding of parallel 
data for high speed serial transmission which conforms 
to the protocol as defined by the IBM 3270 information 
display system standard. The DP8340 converts parallel 
Input data Into a serial data stream. Although the IBM 
standard covers bi-phase serial data transmission over a 
coax line, the DP8340 also adapts to general high speed 
serial data transmission over other than coax lines, at 
frequencies either higher or lower than the IBM standard. 

The DP8340 and its complementary chip, the DP8341 
(receiver/decoder) have been designed to provide maxi- 
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi- 
tion of more receivers at one end of a bi-phase line with- 
out the need of unused transmitters. This is specifically 
advantageous in control units where typical bl-phase 
data is multiplexed over many bi-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. 

Connection Diagram 


■ Ten bits per data byte transmission 

■ Single-byte or multi-byte transmission 

■ Internal parity generation (even or odd) 

■ Internal crystal controlled oscillator used for the 
generation of all required chip timing frequencies 

■ Clock output, directly drives receiver (DP8341) clock 
input 

■ Input data holding register 

■ Automatic clear status response feature 

■ Line drivers at data outputs provide easy interface to 
bi-phase coax line or general transmission lines 

■ <2ns driver output skew 

■ Bipolar technology provides TTL input/output com- 
patibility 

■ Data outputs power up/down glitch free 

■ Internal power up clear and reset 

■ Single +5V power supply 



-vcc 


. REG LOAD 
- REG FULL 


- AUTO RESPONSE 

- TRANSMITTER ACTIVE 

- PARITY CRT 

- EVEN/ODD 


■ DATA OUT 

- DATA OUT 

- DATA DELAY 
-X2 

■X1 


FIGURE 1. Pin-Out Diagram 


Order Number DP8340J or DP8340N 
See NS Package J24A or N24A 
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DP8340 


Block Diagram 


PARITY 

CONTROL/ TRANSMIHER EVEN/OOD 


AUTO 


EXTERNAL - 

CRYSTAL i I 
18.867 MHz —I— 



REGISTERS DI 2 TODI 11 
FULL DATA INPUTS 


FIGURE 2. DP8340 Serial Bi-Phase Transmitter/Encoder Block Diagram 


Block Diagram 
Functional Description 

Figure 2 is a block diagram of the DP8340 Bi-Phase 
Transmitter/Encoder. The transmitter/encoder contains 
a crystal oscillator whose input is a crystal with a 
frequency eight (8) times the data rate. A Clock Output 
Is provided to drive the DP8341 receiver/decoder Clock 
Input and other system components at the oscillator 
frequency. Additionally, the oscillator drives the control 
logic and output shift register/format logic blocks. 

Data Is parallel loaded from the system data bus to the 
transmitter/encoder’s input holding register. This data 
is In turn loaded by the.transmitter/encoder to its output 
shift register if this register was empty at the time of the 
load. During this load, message formatting and parity 
are generated. The formatted message is then shifted 
out at the bit rate frequency to the TTL to Bi-Phase 
block which generates the proper data bit formatting. 
The three data outputs, DATA, DATA, and DATA DELAY 
provide for flexible interface to the coax line with a 
minimum of external components. 

The Control Logic block interfaces to ail blocks to Insure 
proper chip operation and sequencing. It controls the 
type of parity generation through the Even/Odd Parity 
Input. An additional feature provided by the transmitter/ 
encoder Is generation of odd parity and placement in bit 
10 position while still maintaining eyen or odd parity in 


the bit 12 position. This Is the format of data word bytes 
and other commands In the 3270 Standard. The Parity 
Control Input is the pin which controls when this 
operation is in effect. 

Another feature of the transmitter/encoder Is the internal 
TT/AR CTransmission Turnaround/Auto Response) cap- 
ability. After each Write type message from the control 
unit in the 3270 Standard, the receiving unit miist 
respond with clean status (bits 2 through 11). With the 
transmitter/ encoder this function is accomplished 
simply by forcing the Auto-Response input to the Logic 
“0” state. 

Operation of the transmitter/encoder Is automatic. 
After the first data byte is loaded, the Transmitter Active 
output is set and the transmitter/encoder Immediately 
formats the input data and serially shifts it out its>data 
outputs. If the message is a multi-byte message, the 
internal format logic will modify the message data 
format for multibyte as long as the next byte is loaded 
to the Input holding register before the last data bjt of 
the previous data byte is transferred out of the internal 
output shift register. After all data is shifted out of the 
transmitter/encoder the Transmitter Active output will 
return to the Inactive state. 
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Detailed Pin/ Functional Description 


Crystal Inputs X1 and X2 

The oscillator is controlled by an external, parallel reso- 
nant crystal connected between the X1 and X2 pins. Nor- 
mally, a fundamental mode crystal is used to determine 
the operating frequency of the oscillator; however, over- 
tone mode crystals may be used. 


Crystal Specifications (Parailel Resonant) 


Type 

Tolerance 

Stability 

Resonance 

Maximum Series Resistance 
Load Capacitance 


AT-cut crystal 
0.005% at 25°C 
0.01 % from O^C to +70®C 
Fundamental (Parallel) 
Dependent on Frequency 
(For 18.867 MHz, 50Q) 
15pF 


TO PIN X2 
PIN (14) 


TO PIN XI 
PIN (13) 


n o 

If 


- Vcc 


I I CRYSTAL 

SEE (FIG. 16) 


FREQ 

R 

C 

<20 MHz 

500Q 

±10% 

30 pF 

>20 MHz 

120Q 

±10% 

15pF 


FIGURE 3. Connection Diagram 

If the DP8340 transmitter is clocked by a system clock 
(crystal oscillator not used), pin 13 (XI input) should be 
clocked directly using a Schottky series (74S) circuit. 
Pin 14 (X2 input) may be left open. The clocking frequency 
must be set at eight times the data bit rate. Maximum 
input frequency is 28 MHz. For the IBM 3270 Interface, 
this frequency is 18.867 MHz. At this frequency, the 
serial bit rate will be 2.358 Mbits/sec. 

Clock Output 

The Clock Output is a buffered output derived directly 
from the crystal oscillator blocfc and clocks at the oscilla- 
tor frequency. It is designed to directly drive the DP8341 
receiver/decoder Clock Input as well as other system 
components. 

Registers Full 

This output is used as a flag by the external operating 
system. A logic “1” (active state) on this output indicates 
that both the internal output shift register and the input 
holding register contain active data. No additional data 
should be loaded until this output returns to the logic “0” 
state (inactive state). 

Transmitter Active 

This output will be in the logic “1” state while the trans- 
mitter/encoder is about to transmit or in the process of 
transmitting data. Otherwise, it will assume the logic “0” 
state indicating no data presently in either the input 
holding or output shift registers., 


Register Load 

The Register Load input is used to load data from the 
Data Inputs to the input holding register. The loading 


function is edge sensitive, the data present during the 
logic_“0” state of this input is loaded, and the Input data 
must be valid before the logic “0” to logic “1” transition. 
It is after this transition that the transmitter/encoder 
begins formatting of data for serial transmission. 


Auto Response (TT/AR) 

This input provides for automatic clear data transmis- 
sion (all bits in logic “0”) without the need of loading all 
zero’s. When a logic “0” is forced on this input the trans- 
mitter/encoder immediately responds with transmission 
of “clean status”. This function is necessary after the 
completion of each write type command and in other 
functions in the 3270 specification. In the logic “1” state 
the transmitter/encoder transmits data entered on the 
Data Inputs. 

Even/Odd Parity 

This input sets the Internal logic of the DP8340 trans- 
mitter/encoder to generate either even or odd parity for 
the data byte in the bit 12 position. When this pin is in 
the logic “0” state odd parity is generated. In the logic 
“1” state even parity is generated. This feature is useful 
when the control unit is performing a loop back check 
and at the same time the controller wishes to verify prop- 
er data transmission with its receiver/decoder. 

Parity Control/Reset 

Depending on the type of message transmitted, it is at 
times necessary in the IBM 3270 specification to gen- 
erate an additional parity bit in the bit 10 position. The 
bit generated is odd parity on the previous eight (8) bits 
of data. When the Parity Control input is In the logic “1” 
state the data entered at the Data Bit 10 position is 
placed in the transmitted word. With the Parity Control 
input in the logic “0” state the Data Bit 10 input Is Ignored 
and odd parity on the previous data bits Is placed in the 
normal bit 10 position while over all w ord parity (bit 12) Is 
even or odd (controlled by Even/Odd Parity Input). This 
eliminates the need for external logic to generate the 
parity on the data bits. 


Truth Table 


Parity Control Input 

Transmitted Data Bit 10 

Logic “1” 

Data entered on Data Input 10 

Logic “0” 

Odd Parity on 8-bit data byte 


When this Input is driven to a voltage that exceeds the 
power supply level (7V to 13V) the transmitter/encoder 
is reset. 


Serial Outputs - DATA, DATA, and DATA DELAY 

These three output pins provide for convenient applica- 
tion of data to the Bi-Phase Coax line (see Figure 15 for 
application). The Data outputs are a direct bit represen- 
tation of the Bi-Phase data while the DATA DELAY 
output provides the necessary Increment to clearly 
define the four (4) DC levels of the pulse. The DATA and 
DATA outputs add flexibility to the DP8340 transmit- 
ter/encoder for use in high speed differential line driving 
applications. 
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Functional Timing Waveforms — Message Format 

Single Byte Transmission 


TRANSMISSION 
START SEQUENCE 



t 

y I ^ ^ 

LINE 

QUIESCE 

PATTERN 

CODE 

VIOLATION 

SYNC 

BIT 

10-BIT DATA BYTE 


ENDING 

SEQUENCE 


TRANSMISSION 

TERMINATION 

SEQUENCE 


TRANSMISSION 

START 


TRANSMISSION 

TERMINATION 



11111 CODE VIOLATION 1 0 .. 1 10 1 0 

SYNC BIT « BIT BIT BIT BIT 
BIT 2 9 10 11 12 


-STARTING SEQUENCE- 


^ ENDING 
SEQUENCE 


FIGURE 4. Overall Timing Waveforms for Single Byte 


Multi-Byte Transmission 


_SYNC BIT PARITY 

BYTE 2 BYTEX" 


( IDLE 

LINE 

CODE 

SYNC 

1st 10-BIT 


_ 2nd 10-BIT 


BYTE ^ 

ENDING 

IDLE ) 

) : 

UUICpbC 

PAHERN 

VIOLATION 

BIT " 

*" BYTE 

CC ^ 

BYTE 

CC 

X 

SEQUENCE 

'1 






Absolute Maximum Ratings (Note i) 

Supply Voltage, Vcc 7V 

Input Voltage 5.5V 

Output Voltage 5.25V 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering, 10 seconds) 300°C 

Maximum Power Dissipation* at 25®C 

Cavity Package 2237 mW 

Molded Package 2500 mW 

* Derate cavity package 14.9 mW/^C above 25'’C; derate molded package 
20 mW/"C above 25°C. 

Electrical Characteristics (Notes 2 and s) 

Operating Conditions 

Min. 

Supply Voltage, (Vcc) 4.75 

Ambient Temperature, Ta 0 

Max. 

5.25 

+70 

Units 

V 

°C 

Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

V|H 

Logic “1” Input Voltage (All Inputs 

Except X1 and X2) 


2.0 



V 

V|L 

Logic “0” Input Voltage (All Inputs 

Except XI and X2) 




0.8 

V 

VcLAMP 

Input Clamp Voltage (All Inputs Except 

XI and X2) 

I|N = —12mA 




-0.8 

-1.2 

. 

V 

IlH 

Logic “1” Input Current 

Register Load Input 


Vcc = 5.25V 

V,N = 5.25V 


0.3 

120 

mA 


All Others Except XI and X2 




0.1 

40 

(.A 

l|L 

Logic “0” Input Current 

Register Load Input 


Vcc = 5.25V 

V,n = 0.5V 


-15 

-300 

/.A 


All Inputs Except XI and X2 




-5 

-100 

mA 

V 0 HI 

Logic “1” All Outputs Except CLK OUT, 

Iqh =~100pA 

3.2 

3.9 


V 


DATA, DATA, and DATA DELAY 

Iqh =~1 

2.5 

3.4 


V 

VoH2 

Logic “1” for CKL OUT, DATA, 

DATA and DATA DELAY Outputs 

Iqh ~ ~10mA 

2.6 

3.0 


V 

V 0 LI 

Logic “0” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 

loL = 5mA 


0.35 

0.5 

V 

VoL2 

Logic “0” for CLK OUT, DATA, 

DATA and DATA DELAY Outputs 

Iql — 20 mA 


0.4 

0.6 

V 

bsi 

Short Circuit Current for All Outputs 

Except CLK OUT, DATA, DATA, and 

DATA DELAY 

> 

0 

II 

-10 

-30 

-100 

mA 

l0S2 

Short Circuit Current for DATA, 

DATA, and DATA DELAY Outputs 

VoUT = OV 

Note 4 

-50 

-140 

-250 

mA 

•0S3 

Short Circuit Current for CLK OUT 

Note 4 

-30 

-90 

-200 

mA 

Icc 

Power Supply Current 

Vcc = 5.25V 


170 

250 

mA 

TiminQ Ch3r3CtGriStiCS Oscillator Frequency = 18.867MHz (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

^pdl 

REG LOAD to Transmitter Active (Ta) 
Positive Edge 

Load Circuit 1 
Figure 7 

— 

60 

90 

ns 

tpd2 

REG LOAD to REG FULL; Positive Edge 

Load Circuit 1 
Figure 7 


45 

75 

ns 

tpd3 

Register Full to Ta; Negative Edge 

Load Circuit 1 
Figure 7 


40 

70 

ns 

tpd4 

Positive Edge of REG LOAD to 

Positive Edge of DATA 

Load Circuits 1 & 2 
Figure 9 


50 

80 

ns 

tpd5 

REG LOAD to DATA; Positive Edge 

Load Circuits 1 & 2 
Figure 9, Note 6 


380 

475 

ns 

tpd6 

REG LOAD to DATA DELAY; Positive Edge 

Load Circuits 1 & 2 
Figure 9, Note 6 


160 

250 

ns 
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Timing Characteristics (Continued) Oscillator Frequency = 18.867 MHz (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

tpd7 

Positive Edge of DATA to Negative Edge 
of DATA DELAY 

Load Circuit 2 
Figure 9, Note 6 


100 

115 

ns 

tpd8 

Positive Edge of DATA DELAY to Negative 
Edge of DATA 

Load Circuit 2 
Figure 9, Note 6 


110 

125 

ns 

tpd9> 

tpd10 

Skew between DATA and DATA 

Load Circuit 2 
Figure 9 


2 

6 

ns 

tpd11 

Negative Edge of Auto Response to 

Positive Edge of TA 

Load Circuit 1 
Figure 10 


70 

110 

ns 

tpd12 

Maximum Time Delay to Load Second Byte 
After Positive Edge of REG FULL ' 

Load Circuit 1 
Figure 8, Note 6 



4 XT- 50 

ns 

tpd13 

X1 to CLK OUT; Positive Edge 

Load Circuit 2 
Figure 13 


21 

30 

. ns 

tpd14 

XI to CLK OUT; Negative Edge 

Load Circuit 2 
Figure 13 


23 

33 

ns 

tpd15 

Negative Edge of AR to Positive 

Edge of REG FULL 

Load Circuit 1 
Figure 10 


45 

75 

ns 

tpd16 

Skew between TA and REG FULL during 

Auto Response 

Load Circuit 1 
Figure 10 


50 

80 

ns 

tpd17 

REG LOAD to REG FULL; Positive Edge 
for Second Byte 

Load Circuit 1 
Figure 14 


45 

75 

ns 

tpwl 

REG LOAD Pulse Width 

Figure 12 

40 



ns 

tpw2 

First REG FULL Pulse Width (note 5) 

Load Circuit 1 
Figure 7, Note 6 


8XT + 60 

8XT + 100 

ns 

tpw3 

REG FULL Pulse Width Prior to Ending 
Sequence(Note 5) 

Load Circuit 1, 
Figure 7, Note 6 


5xB 


ns 

^pw4 

Pulse Width for Auto Response 

Figure 10 

40 



ns 

h 

Data Setup Time prior to REG LOAD 

Positive Edge. Hold Time (tH) = 0ns 

Figure 12 


15 

25 

ns 

tr1 

Rise Time for DATA, DATA, and DATA 

DELAY Output Waveform 

Load Circuit 2 
Figure 11 


7 

13 

ns 

tf1 

Fall Time for DATA, DATA, and DATA 

DELAY Output Waveform 

Load Circuit 2 
Figure 11 


5 

11 

ns 

tr2 

Rise Time for TA and REG FULL 

Load Circuit 1 
Figure 15 


20 

30 

ns 

tf2 

Fall Time for TA and REG FULL 

Load Circuit 1 
Figure 15 


15 

25 

ns 

^MAX 

Data Rate Frequency 
(Clock Input must be 8X this Frequency) 

Note 7 

DC 


3.5 

Mbits/s 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min. /max. limits apply across the 0®C to +70'’C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for Ta = 25®C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute basis. 

Note 4: Only one output should be shorted at a time. 

Note 5: T = 1/(Oscillator Frequency), unit for T should be ns. B = 8T 
Note 6: Oscillator Frequency Dependent. 

Note 7: For the IBM 3270 Interface, the data rate frequency is 2.358 Mbits/s. 
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Load Circuit 1 


Load Circuit 2 


TUF5251- 


FIGURE 6. Test Load Circuits 


Timing Waveforms 



FiGURE 7. Timing Waveforms for Single Byte Transfer 



FIGURE 8. Maximum Window to Load Multi-Byte Data 



FIGURE 9. Timing Waveforms for Three Serial Outputs 




Timing Waveforms (Continued) 



TUF5251-10 


FIGURE 10. Timing Waveforms for Auto-Response FIGURE 11. Output Waveform for DATA, DATA, DATA 

DELAY (Load Circuit 2) 



TUF5251*12 TL/F5251-13 


FIGURE 12. Register Load Waveform Requirement FIGURE 13. Timing Waveforms For Clock Pulse 



TL/F5251-14 


FIGURE 14. Timing Waveforms For Two Byte Transfer 



TUF5251-15 


FIGURE 15. Rise and Fall Time Measurement for TA and REG Full 


Typical Applications 



18.B67MHZ 
(NOTE 3) FIG.3 



FIGURE 16. Typical Application For IBM 3270 Interface 




+ 5V 



T1 (NOTE 2) 


90Q COAX 
(RG62A/U) 



TUF5251-17 


Notes: 1) Resistance values are in ohms, ±5%, ‘'A\N 

2) T1 is a 1:1:1 pulse transformer, L |^||«4 = 500^H for 18 MHz system clock 
Pulse Engineering Part No. 5763 

Technitrol Part No. 11LHA or equivalent transformers 

3) Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE-18A 
@ 18.867MH2. 


FIGURE 17. Translation Logic 
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National 

Semiconductor 


Data Communications Support 


DP8341 Seriai Bi-Phase Receiver/ Decoder 


General Description 

The DP8341 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8341 recognizes serial data that conforms to the IBM 
3270 Information Display System Standard and converts 
It Into ten (10) bits of parallel data. Although this stand- 
ard covers Bi-Phase serial data transmission over a 
coax line, this device easily adapts to generalized high 
speed serial data transmission on other than coax lines 
at frequencies either higher or lower than the IBM 3270 
standard. 

The DP8341 receiver and Its complementary chip, the 
DP8340 transmitter, are designed to provide maximum 
flexibility in system designs. The separation of trans- 
mitter and receiver functions allows addition of more 
receivers at one end of the Bi-Phase line without the 
necessity of adding unused transmitters. This Is advan- 
tageous specifically in control units where typically Bi- 
Phase data is multiplexed over many Bi-Phase lines and 
the number of receivers generally outnumber the number 
of transmitters. The separation of transmitter and re- 
ceiver function provides an additional advantage in flex- 
ibility of data bus organization. The data bus outputs of 
the receiver are TRI-STATE®, thus enabling the bus con- 
figuration to be organized as either a common transmit/ 
receive (bi-directional) bus or as separate transmit and 
receive busses for higher speed. 


Features 

■ DP8341 receives ten (10) bit data bytes and conforms 
to the IBM 3270 Interface Display System Standard 

■ Separate receiver and transmitter provide maximum 
system design flexibility 

■ Even parity detection 

■ High sensitivity input on receiver easily interfaces to 
coax line 

■ Standard TTL data input on receiver provides gener- 
alized transmission line interface and also provides 
hysteresis 

B Data holding register 

■ Multi-byte or single byte transfers 

■ TRI-STATE receiver data outputs provide flexibility 
for common or separated transmit/receive data bus 
operation. 

■ Data transmission error detection on receiver provides 
for both error detection and error type definition 

■ Bi-polar technology provides TTL input/output com- 
patibility with excellent drive characteristics 

■ Single +5V power supply operation 


TRI-STATE® is a registered trademark of National Semiconductor Ckjrp. 


Connection Diagram 



• VCC 

. DOii 

• DOio 
' DOg 

• DOS 

• DOy 

• DOS 


• OUTPUT ENABLE 


FIGURE 1. Pin-Out Diagram 


Order Number DP8341J or DP8341N 
See NS Package J24A or N24A 
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Block Diagram 


DATA 

CONTROL 


DATA (TTL) 


AMPLIFIER 

(INPUT) 


RECEIVER 

DISABLE 



RECEIVER 

ACTIVE 


REGISTER 
' READ 


DATA 

AVAILABLE 


OUTPUT 
' CONTROL 


OUTPUT 

ENABLE 


ERROR OUTPUT 


PARALLEL OUTPUT DATA 


FIGURE 2. DP8341 Serial Bi-Phase Receiver/ Decoder Block Diagram 


Block Diagram Functional Description 

Figure 2 is a block diagram of the DP8341. This chip is 
essentially a serial in/parallel out shift register. However, 
the serial input data must conform to a very specific for- 
mat (see Figures 3-5). The message will not be recognized 
unless the format of the starting sequence is correct. 
Deviations from the format in the data, sync bit, parity 
or ending sequence will cause an error to be detected, 
terminating the message. 

Data enters the receiver through the differential input am- 
plifier or the TTL Data input. The differential amplifier is a 
high sensitivity input which may be used by connecting it 
directly to a transformer coupled coax line, or other trans- 
mission medium. The TTL Data input provides 400 mV of 
hysteresis and recognizes TTL logic levels. The data then 
enters the demodulation block. 

The data demodulation block samples the data at eight 
(8) times the data rate and provides signals for detecting 
the starting sequence, ending sequence, and errors. 
Detection of the starting sequence sets the Receiver 
Active output high and enables the input shift register. 

As the ten bits of data are shifted into the shift register, 
the receiver will verify that even parity is maintained on 
the data bits and the sync bit. After one complete data 
byte is received, the contents of the input shift register 
is parallel loaded to the holding register, assuming the 
holding register is empty, and the Data Available output 
is set. If the holding register is full, this load will be 
delayed until that register has been read. If another data 
byte is received when the shift register and the holding 


register are full a Data Overflow Error will be detected, 
terminating the message. Data is read from the holding 
register through the TRI-STATE Output Buffers. The 
Output Enable input is the TRI-STATE control for these 
outputs and the Register Read input signals the 
receiver that the read has been completed. 

When the receiver detects an ending sequence the Re- 
ceiver Active output will be reset to a logic “0” indicating 
the message has been terminated. A message will also 
ternriinate when an error Is detected. The Receiver Active 
output used in conjunction with the Error output allows 
quick response to the transmitting unit when an error 
free message has been received. 

The Error Detection and Identification block Insures that 
valid data reaches the outputs of the receiver. Detection 
of an error sets the Error output to a logic “1 ” and resets 
the Receiver Active output to a logic “0” terminating the 
message. The error type may be read from the data bus 
outputs by setting the Output Control input to logic “0” 
and enabling the TRI-STATE outputs. The data bit out- 
puts have assigned error definitions (see error code 
definition table). The Error output will return to a logic 
“0” when the next starting sequence is received, or 
when the error Is read (Output Control to logic “0” and a 
Register Read performed). 

The Receiver Disable input is used to disable both the 
amplifier and TTL Data receiver inputs. It will typically be 
connected directly to theTransmitter Active output of the 
DP8340transmitter circuit (see Figure 12). 
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Detailed Functional Pin Description 

Receiver Disable 

This input is used to disable the receiver’s data inputs. 
The Receiver Disable input will typically be connected to 
the Transmitter Active output of the DP8340. However, at 
the system controller It is necessary for both the trans- 
mitter and receiver to be active at the same time in the 
loop-back check condition. This variation can be 
accomplished with the addition of minimal external 
logic. 


Truth Table 


Receiver Disable 

Data Inputs 

Logic “0” 

Active 

Logic “1” 

Disabled 


Amplifier Inputs 

The receiver has a differential input amplifier which 
may be directly connected to the transformer coupled 
coax line. The amplifier may also be connected to a 
differential type TTL line. The amplifier has 20 mV of 
hysteresis. 

Data Input 

This input can be used either as an alternate data Input 
or as a power-up check input. If the system designer 
prefers to use his own amplifier, instead of the one pro- 
vided on the receiver, then this TTL input may be used. 
Using this pin as an alternate data input allows self-test 
of the peripheral system without disturbing the trans- 
mission line. 

Data Control 

This input is the control pin that selects which of the 
inputs are used for data entry to the receiver. 


Truth Table 


Data Control 

Data Input To 

Logic “0” 

Data Input 

Logic “1” 

Amplifier Inputs 


Note: This input is also used for testing. When the inut voltage is raised to 
7.5Vthechipresets. 


Clock Input 

This input is the internal clock of the receiver. It must be 
set at eight (8) times the line data bit rate. For the IBM 
3270 Standard, this frequency is 18.87 MHz or a data bit 
rate of 2.358 MHz. The crystal-controlled oscillator pro- 


vided in the DP8340 transmitter also operates at this 
frequency. The Clock Output of the transmitter is de- 
signed to directly drive the receiver’s Clock Input. In 
addition, the receiver is designed to operate correctly to 
a data bit rate of 3.5 MHz. 

Receiver Active 

The purpose of this output is to inform the external sys- 
tem when the DP8341 is in the process of receiving a 
message. This output will transition to a logic “1” state 
after the receipt of a valid starting sequence and 
transition to logic “0” when a valid ending sequence is 
received or an error is detected. This output combined 
with the Error output will inform the operating system of 
the end of an error free data transmission. 

Error 

The Error output transitions to a logic “1” when an error 
is detected. Detection of an error causes the Receiver 
Active and the Data Available outputs to transition to a 
logic “0”. The Error output returns to a logic “0” after 
the error register has been read or when the next starting 
sequence is detected. 

Register Read 

The Register Read input when driven to the logic “0” 
state signals the receiver that data in the holding regis- 
ter is being read by the external operating system. The 
data present in the holding register will continue to re- 
main valid until the Register Read input returns to the 
logic “1” condition. At this time, if an additional byte is 
present in the input shift register it will be transferred to 
the holding register, otherwise the data will remain valid 
in the holding register. The Data Available output will be 
in the logic “0” state for a short Interval while a new 
byte is transferred to the holding register after a regis- 
ter read. 

Data Available 

This output indicates the existence of a data byte within 
the output holding register. It may also indicate the 
presence of a data byte in both the holding register and 
the input shift register. This output will transition to the 
logic “1” state as soon as data Is available and return to 
the logic “0” state after each data byte has been read. 
However, even after the last data byte has been read and 
the Data Available output has assumed the logic “0” 
state, the last data byte read from the holding register 
will remain until new data has been received. 
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Output Control 

The Output Control input determines the type of infor- 
mation appearing at the data outputs. In the logic “1” 
state data will appear, in the logic “0” state error codes 
are present. 


Truth Table 


Output Control 

Data Outputs 

Logic “0” 

Error Codes 

Logic “1” 

Data 


Output Enable 

The Output Enable input controls the state of the TRI- 
STATE Data outputs. 


Truth Table 


Output Enable 

TRISTATE® 

Data Outputs 

Logic “0” 

Disabled 

Logic “1” 

Active 


fined in the table below. The Output Control input is the 
multiplexer control for the Data/Error bits. 


Error Code Definition 


Data Bit 

Error Type 

D02 

Data Overflow (Byte not removed from 
holding register when it and the input shift 
register are both full and new data is 
received) 

D03 

Parity Error (Odd parity detected) 

D04 

Transmit Check conditions (existence of 
errors on any or all of the following data 
bits: D03, DOS, and DOS 

D05 

An invalid ending sequence 

D06 

Loss of mid-bit transition detected at other 
than normal ending sequence time 

D07 j 

i 

New starting sequence detected before 
data byte in holding register has been read 

DOS 

Receiver disabled during receiver active 
mode 


Data Outputs 

The DP8341 has a ten (10) bit TRI-STATE data bus. Seven 
bits are multiplexed with error bits. The error bits are de- 


Message Format 


Single Byte Transmission 


TRANSMISSION 
START SEQUENCE 


TRANSMISSION 

TERMINATION 

SEQUENCE 


LINE 

QUIESCE 

PATTERN 


CODE 

VIOLATION 


SYNC 

BIT 


10-BIT DATA BYTE 


ENDING 

SEQUENCE 


IDLE 



t 

TRANSMISSION 

START 


t 


TRANSMISSION 

TERMINATION 


Muiti-Byte Transmission 


PARITY. 

BYTE1 


. SYNC BIT PARITY 

BYTE 2 BYTE X 


( IDLE 

LINE 

CODE 

SYNC 

1st 10-BIT 'i’) 



_ 2nd 10-BIT ->■5 

BYTE 


ENDING 

IDLE ] 

) ■ 

UUlcobc 

PAHERN 

VIOLATION 

BIT 

BYTE <-< 



BYTE CC 

X 


SEQUENCE 



FIGURE 3. IBM 3270 Message Format 
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Message Format 





DO DO DO DO DO DO DO 
2 3 4 5 6 7 8 


DO DODO 
9 10 11 


ENDING 

SEQUENCE 


RECEIVER 

ACTIVE 



DATA 

AVAILABLE 


REGISTER 

READ 


u 


FIGURE 4A. Single Byte Message 


jinnnji_rinru^ijxrLrirjn. 


CODE 

VIOLATION 


-1st BYTE- 


RECEIVER 

ACTIVE 


nrujuiTu 


ENDING 

SEQUENCE 


DATA 

AVAILABLE 


n r u ~L 


REGISTER 

READ 


U 


U“ 


FIGURE 4B. Multi-Byte Message 


juumn 


LINE QUIESCE 


[nnimjnjmxiTLriri _ririJi_nnr 


CODE 

VIOLATION 


-CORRECT DATA BYTE - 


-ERROR DETECTED 


RECEIVER 

ACTIVE 


DATA 

AVAILABLE 



ERROR 


REGISTER 

READ 



OUTPUT 

CONTROL 


FIGURE 5. Message with Error 
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Absolute Maximum Ratings (Note i) Operating Conditions 

Supply Voltage, Vcc 7V Min. Max. Units 

Input Voltage +5.5V Supply Voltage, (Vcc) 4.75 5.25 V 

Output Voltage 5.25V Ambient Temperature, (Ta) 0 +70 ®C 

Storage Temperature Range -65‘’C to 150“C 

Lead Temperature (soldering, 10 seconds) 300®C 

Maximum Power Dissipation* at 25“C 

Cavity Package 2040 mW 

Molded Package 2237 mW 

* Derate cavity package 13.6 mW/'C above 25*0; derate molded package 

17.9 mwrc above 25X. 

Electrical Characteristics (Notes 2, 3, and s) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Level 


2.0 



V 

V|L 

Input Low Level 




0.8 

V 

ViH-ViL 

Data Input Hysteresis (TTL, Pin 4) 


0.2 

0.4 


V 

VcLAMP 

Input Clamp Voltage 

iiN = -12mA 


-0.8 

-1.2 

V 

l|H 

Logic “1” Input Current 

Vcc = 5.25V, V|N = 5.25V 


2 

40 

luA 

l|L 

Logic “0” Input Current 

Vcc = 5.25V, V,N = 0.5V 


-20 

-250 

piA 

VoH 

Logic “1” Output Voltage 

•oH = ~'i00fiA 

3.2 

3.9 


V 

loH = -1 nnA 

2.5 

3.2 


V 

VoL 

Logic “0” Output Voltage 

loL = 5mA 


0.35 

0.5 

V 

•os 

Output Short Circuit Current 

Vcc = 5V, VouT = 0V 
(See Note 4) 

-10 

-20 

-100 

mA 

•oz 

TRI-STATE® Output Current 

Vcc = 5.25V, Vo = 2.5V 

-40 

1 

+40 

mA 

Vcc = 5.25V, Vo = 0.5V 

-40 

-5 

+40 

PlA 

Ahys 

Amplifier Input Hysteresis 


5 

20 

30 

mV 

•cc 

Power Supply Current 

Vcc = 5.25V 


160 

250 

mA 

Timing Characteristics (Notes 2, e, 7, and s) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

T„ 

Output Data to Data Available Positive 
Edge 


5 

20 

40 

ns 

Td2 

Register Read Positive Edge to Data 
Available Negative Edge 


10 

25 

45 

ns 

Td3 

Error Positive Edge to Data Available 
Negative Edge 


10 

30 

50 

ns 

Td4 

Error Positive Edge to Receiver Active 
Negative Edge 


5 

20 

40 

ns 

Tds 

Register Read Positive Edge to Error 
Negative Edge 


20 

45 

75 

ns 

Td6 

Delay from Output Control to Error Bits 
from Data Bits 


5 

20 

50 

ns 

Td7 

Delay from Output Control to Data Bits 
from Error Bits 


5 

20 

50 

ns 

Td8 

First Sync Bit Positive Edge to Receiver 
Active Positive Edge 



3.5*T 

+70 


ns 

Td9 

Receiver Active Positive Edge to First Data 
Available Positive Edge 



92*T 


ns 

Tdio 

Negative Edge of Ending Sequence to 
Receiver Active Negative Edge 



11.5*T 

+50 


ns 

Toil 

Data Control Set-up Multiplexer Time Prior 
to Receiving Data through Selected Input 


40 

30 


ns 
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Timing Characteristics (cont d) (Notes 2, e, 7, and s) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Tpwi 

Register Read (Data) Pulse Width 


40 

30 


ns 

Tpw2 

Register Read (Error) Pulse Width 


40 

30 


ns 

Tpw3 

Data Available Logic “0” State between 

Data Bytes 


25 

45 


ns 

Ts 

Output Control Set-up Time Prior to 

Register Read Negative Edge 


0 

-5 


ns 

Th 

Output Control Hold Time After the 

Register Read Positive Edge 


0 

-5 


ns 

Tze 

Delay fronn Output Enable to Logic “1” or 
Logic “0” from High Impedance State 

Load Circuit 2 


! 25 

35 

ns 

Te2 

Delay from Output Enable to High Imped- 
ance State from Logic “1” or Logic “0” 

Load Circuit 2 


25 

35 

ns 

Fmax 

Data Bit Frequency (Clock Input must be 

8x the Data Bit Frequency) 


DC 


3.5 

M Bits/s 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min./max. limits apply across the ©“C to +70X temperature range and the 4.75 V to 5.25V power supply range. All typical 
values are for T^ = 25‘’C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Input characteristics do not apply to amplifier inputs (pins 2 & 3). 

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is used. 
Note 7: AC tests are done with input pulses supplied by generators having the following characteristics: = ^nd < 5ns, Tf < 5 ns. 

Note 8; T = 1/ (clock input frequency), units for “T” should be ns. 


Vcc 



Vcc 



Load Circuit 1 


Load Circuit 2 

TUF5238-7 


FiGURE 6. Test Load Circuits 
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Timing Waveforms 


D02-D011 
OUTPUTS ■ 

(OUTPUT CONTROL = HI) 


DATA 

AVAILABLE 


DATA 

AVAILABLE 


DATA 

AVAILABLE . 


FIGURE 7. Data Sequence Timing 


FIGURE 8. Error Sequence Timing 


0 MCV MCV 


FIGURES. Message Timing 


9-19 


DP8341 








DP8341 



9-20 



Typical Applications 


18.867 MHz (NOTE 1) 



Note 1: Crystal manufacturer Midland Ross Corp. 
NEL Unit Part No. NE18A @ 18.867MHz 


FIGURE 12. Typical Application for IBM 3270 Interface 




TL/F5238-14 


FIGURE 13. Equivalent Circuit for DP8341 Input Amplifier 
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Typical Applications (Continued) 


+ 5V 



T1 (NOTE 2) 


gOQ COAX 
(RG62A/U) 



4 


TL/F5238-15 


Notes: .1) Resistance values are in ohms, ±5%, V4 W 

2) T1 is a 1:1:1 pulse transformer, L|^in = 500mH for 18MHz system clock 
Pulse Engineering Part No. 5762 
Technitroi Part No. 11LHA or equivalent transformers 


FIGURE 14. Translation Logic 


IDEAL 
WAVEFORM 
AT TRANSMITTER 
END OF CABLE 



ACTUAL 
WAVEFORM 
AT TRANSMITTER 
END OF CABLE 



* TO MAINTAIN LOSS AT 95% OF IDEAL SIGNAL, 
SELECT TRANSFORMER INDUCTANCE SUCH THAT: 


L(MIN) = 


10,000 

fCLK 


tCLK= SYSTEM CLOCK 
FREQUENCY 
(e.g., 18.87MHz) 


EXAMPLE: 

I = 10.000 

18.87 X 106 


L(MIN)=530hH 


Notes: 1) Less inductance will cause greater amplitude 
attenuation 

2) Greater inductance may decrease signal rise 
time slightly and increase ringing, but these 
effects are generally negligible. 


TUF5238-16 


FIGURE 15. Transformer Selection 
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National 

Semiconductor 


Data Communications Support 


DP8342 High-Speed Serial Transmitter/Encoder 


General Description 

The DP8342 generates a complete encoding of parallel 
data for high speed serial transmission. It generates a 
five bit starting sequence, three bit code violation, fol- 
lowed by a syn bit and eight bit per byte of data plus a 
parity bit. A three-bit ending code signals the termination 
of the transmission. The DP8342 adapts to generalized 
high speed serial data transmission as well as the coax 
lines at a maximum data rate of 3.5 MHz. 

The DP8342 and , its complementary chip, the DP8343 
(receiver/decoder) have been designed to provide maxi- 
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi- 
tion of more receivers at one end of a bi-phase line with- 
out the need of unused transmitters. This is specifically 
advantageous in control units where typical bi-phase 
data is multiplexed over many bi-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. 

TRI-STATE® is a registered trademark of Nationai Semiconductor Corp. 


Features 

■ Eight bits per data byte transmission 

■ Single-byte or multi-byte transmission 

■ Internal parity generation (even or odd) 

■ Internal crystal controlled oscillator used for the 
generation of all required chip timing frequencies 

■ Clock output directly drives receiver (DP8343) clock 
input 

■ Input data holding register 

■ Automatic clear status response feature 

■ Line drivers at data outputs provide easy Interface to 
bl-phase coax line or general transmission media 

■ <2ns driver output skew 

■ Bipolar technology provides TTL input/output com- 
patibility 

■ Data outputs power up/down glitch free 

■ Internal power up clear and reset 

■ Single +5V power supply 


Connection Diagram 



FIGURE 1. 


Order Number DP8342J or DP8342N 
See NS Package J24A or N24A 
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Block Diagram 


CLOCK TRANSMIHER EVEN/ODD R EGISTE R RDTO 

VCC OUTPUT RESET ACTIVE PARITY LOAD RESPONSE 



REGISTERS BIT 1 TO BIT 8 

FULL DATA INPUTS TL/F5236-2 


FIGURE 2. 


encoder is the Reset and Output-TRI-STATE® capability. 
Another feature of the DP8342 is the Byte Clock output 
which keeps track of the number of bytes transferred. 

The transmitter/encoder is also capable of internal TT/AR 
(Transmission Turn around/Auto Response). When the 
Auto-Response (AR) Input is forced to the logic “0” state, 
the transmitter/encoder responds with clean status (all 
zeros on data bits). 

Operation of the transmitter/encoder is automatic. After 
the first data byte is loaded, the Transmitter Active output 
is set and the transmitter/encoder Immediately formats 
the input data and serially shifts it out Its data outputs. 
If the message is a multi-byte message, the Internal format 
logic will modify the message data format for multibyte 
as long as the next byte is loaded to the Input holding 
format logic will modify the message data format for 
multibyte as long as the next byte is loaded to the input 
hiding register before the last data bit of the previous 
data byte is transferred out of the internal output shift 
register. After all data Is shifted out of the transmitter/ 
encoder the Transmitter Active output will return to the 
inactive state. 


Functional Description 

Figure 2 Is a block diagram of the DP8342 Bi-Phase Trans- 
mitter/Encoder. The transmitter/encoder contains a 
crystal oscillator whose input is a crystal with a fre- 
quency eight (8) times the data rate. A Clock Output is 
provided to drive the DP8342 receiver/decoder Clock 
Input and other system components at the oscillator 
frequency. Additionally, the oscillator drives the control 
logic and output shift register/format logic blocks. 

Data is parallel loaded from the system data bus to the 
transmitter/encoder’s input holding register. This data Is 
in turn loaded by the transmitter/encoder to Its output 
shift register if this register was empty at the time of the 
load. During this load, message formatting and parity are 
generated. The formatted message is then shifted out at 
the bit rate frequency to the TTL to Bi-Phase block which 
generates the pr oper data bit formatting. The 
data outputs, DATA, DATA, and DATA DELAY provide for 
flexible interface to the transmission medium with little 
or no external components. 

The control Logic block interfaces to all blocks to insure 
proper chip operation and sequencing. It c ontro ls the 
type of parity generation through the Even/Odd Parity 
input. An additional feature provided by the transmitter/ 
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Detailed Pin/Functional Description 

Crystal Inputs X1 and X2 

The oscillator is controlled by an external, parallel reso- 
nant crystal connected between the X1 and X2 pins. Nor- 
mally, a fundamental mode crystal is used to determine 
the operating frequency of the oscillator; however, over- 
tone mode crystals may be used. 

Crystal Specifications (Parallel Resonant) 

Type <20MHz AT-cut or>20MHz BT-cut 

Tolerance 0.005% at 25°C 

Stability 0.01% from O^C to +70‘’C 

Resonance Fundamental (Parallel) 

Maximum Series Resistance Dependent on Frequency 

(For 20 MHz, 50Q) 

Load Capacitance 15pF 


Connection Diagram 

R C 

[-► vcc 


I 1 UHT5IAL 

(FIG. 18) 


TO PIN XI I 

PIN (13) TUF5236-3 

If the DP8342 transmitter is clocked by a system clock 
(crystal oscillator not used), pin 13 (X1 input) should be 
clocked directly using a Schottky series (74S) circuit. 
Pin 14(X2 input) may be left open. The clocking frequency 
must be set at eight times the data bit rate. Maximum 
input frequency is 28 MHz. 

Clock Output 

The Clock Output is a buffered output derived directiy 
from the crystal oscillator block and clocks at the oscilla- 
tor frequency. It is designed to directly drive the DP8343 
receiver/decoder Clock Input as well as other system 
components. 

Registers Full 

This output is used as a flag by the external operating 
system. A logic “1” (active state) on this output indicates 
that both the internal output shift register and the input 
holding register contain active data. No additional data 
should be loaded until this output returns to the logic “0” 
state (inactive state). 

Transmitter Active 

This output will be in the logic “1” state while the trans- 
mitter/encoder is about to transmit or in the process of 
transmitting data. Otherwise, it will assume the logic “0” 
state indicating no data presently in either the input 
holding or output shift registers. 



FREQ 

R 

C 

<20 MHz 

500Q 

30 pF 

>20 MHz 

120Q 

15pF 


Register Load 

The Register Load input is used to load data from the 
Data Inputs to the input holding register. The loading 
function is level sensitive, the data present during the 
logic “0” state of this input is loaded, and the input data 
must be valid before the logic “0” to logic “1” transition. 
It is after this transition that the transmitter/encoder 
begins formatting of data for seriai transmission. 

Auto Response (TT/AR) 

This input provides for automatic clear data transmis- 
sion (all bits in logic “0”) without the need of loading all 
zero’s. When a logic "0” is forced on this input the trans- 
mitter/encoder immediately responds with transmission 
of “clean status”. When this input is in the logic “1” 
state the transmitter/encoder transmits data entered on 
the Data Inputs. 

Even/Odd Parity 

This input sets the internal logic of the DP8342 trans- 
mitter/encoder to generate either even or odd parity for 
the data byte in the bit 10 position. When this pin is in 
the logic “0” state odd parity is generated. In the logic 
“1” state even parity is generated. This feature is useful 
when the control unit is performing a loop back check 
and at the same time the controller wishes to verify 
proper data transmission with its receiver/decoder. 


Serial Outputs - DATA, DATA, and DATA DELAY 

These three output pins provide for convenient applica- 
tion of data to the Bi-Phase transmission line. The Data 
outputs are a direct bit representation of the Bi-Phase 
data while the Data Delay output provides the neces- 
sary increment to clearly defi ne the four (4) DC leveis 
of the pulse. The DATA and DATA outputs add flexi- 
bility to the DP8342 transmitter/encoder for use in high 
speed di fferen tial line driving applications. The typical 
DATA to DATA skew is 2ns. 


RESET 

When a logic “0” is forced on this input, all outputs 
except Clock Output are latched low. 

Output Enable 

When a logic “0” is forced on this input the three serial 
data outputs are in the high impedance state. 

Byte Clock 

This pin registers a pulse at the end of each byte trans- 
mission. The number of pulses registered corresponds 
to the number of bytes transmitted. 
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Absolute Maximum Ratings (Note i) 

Supply Voltage, Vcc 7V 

Input Voltage 5.5V 

Output Voltage 5.25V 

Storage Temperature Range -65°C to +150‘’C 

Lead Temperature (soldering, 10 seconds) SOO^C 

Maximum Power Dissipation* at 25'’C 
Cavity Package , 2237 mW 

Molded Package 2500 mW 

* Derate cavity package 14.9 mW/°C above 25’’C; derate molded package 
20 mW/°C above 25“C. 


Operating Conditions 

Min. Max. Units 

Supply Voltage, (Vcc) 4.75 5.25 V 

Ambient Temperature, Ta 0 +70 °C 


Electrical Characteristics (Notes 2 and 3) 


Symbol 


ViH Logic “1” Input Voltage (All Inputs 
Except X1 and X2) 

V|L Logic “0” Input Voltage (All Inputs 
Except X1 and X2) 

VcLAMP Input Clamp Voltage (All Inputs Except 
X1 and X2) 

liH Logic “1” Input Current 

Register Load Input 
All Others Except X1 and X2 

liL Logic “0” Input Current 

Register Load Input 
All Inputs Except X1 and X2 

VoHi Logic “1” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 

VoH 2 Logic “1” for CKL OUT, DATA, 

DATA and DATA DELAY Outputs 

VoLi Logic “0” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 

VoL 2 Logic “0” for CLK OUT, DATA, 

DATA and DATA DELAY Outputs 

Iqsi Output Short Circuit Current for All Except 
CLK OUT, DATA, DATA, and DATA 
DELAY Outputs 

los 2 O utput S hort Circuit Current DATA, 

DATA, and DATA DELAY Outputs 

los 3 Output Short Circuit Current for CLK OUT 

Ice Power Supply Current 


Conditions 


0 

II 

01 
< 

2.0 



V 

0 

II 

01 
< 



0.8 

V 

liN = -12mA 


-0.8 

-1.2 

V 

Vcc = 5.25V 

V|N = 5.25 V 


0.3 

120 




0.1 

40 

^A 

Vcc = 5.25V 

V|N = 0.5V 


-15 

-300 

mA 



-5 

-100 

mA 

•oH = “100f4A 

Vcc = 4.75V 

3.2 

3.9 


V 

Jqh = “1 itiA 

2.5 

3.4 


V 

Vcc = 4.75V, 
loH = -10mA 

2.6 

3.0 


V 

Vcc = 4.75V 

loL = 5mA 


0.35 

0.5 

V 

Vcc = 4.75V 

Iql = 20 mA 


0.4 

0.6 

V 

Note 5 

VouT = 0V 

-10 

-30 

-100 

mA 


Note 5 
Vout = QV 
Note 5 
Vqut = OV 

Vcc = 5.25V 


Timing Characteristics Vcc = 5V±5%, Ta = 0°C to 70°C. Oscniator Frequency = 28 MHz (Notes 2 and 3) 


Symbol 

^pdl 

tpd2 

tpd3 

tp(j4 

tpd5 


REG LOAD to Transmitter Active (T^) 
Positive Edge 

REG LOAD to Register Full; 

Positive Edge 

Ta to Register Full; 

Negative Edge 

Positive Edge of REG LOAD to 

Positive Edge of DATA 

REG LOAD to D^; 

Positive Edge 

REG LOAD to DATA DELAY; 

Positive Edge 

Positive Edge of DATA to Negative Edge 
of DATA DELAY 


Conditions 

Min 

Typ 

Max 

Units 

Load Circuit 1 
Figure 6 


60 

90 

ns 

Load Circuit 1 
Figure 6 


45 

75 

ns 

Load Circuit 1 
Figure 6 


40 

70 

ns 

Load Circuit 2 
Figure 9 


50 

80 

ns 

Load Circuit 2 
Figure 9 


280 

380 

ns 

Load Circuit 2 
Figure 9 


150 

240 

ns 

Load Circuit 2 
Figure 9 


70 

85 

ns 
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Timing Characteristics (Continued) Oscillator Frequency = 28 MHz (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

^pd8 

Positive Edge of DATA DELAY to Negative 
Edge of DATA 

Load Circuit 2 
Figure 9 


80 

95 

ns 

tpd9. 

tpdio) 

Skew between DATA and DATA 

Load Circuit 2 
Figure 9 


2 

6 

ns 

tpd11 

Negative Edge of Auto Response (AR) 
to Positive Edge of TA 

Load Circuit 1 
Figure 10 


70 

100 

ns 

tpd12 

Maximum Time Delay to Load Second Byte 
After Positive Edge of REG FULL 

Load Circuit 1 
Figure 8, Note 7 



4XT-50 

ns 

tpd13 

X1 to CLK OUT; Positive Edge 

Load Circuit 2 
Figure 11 


21 

30 

ns 

tpd14 

X1 to CLK OUT; Negative Edge 

Load Circuit 2 
Figure 11 


23 

33 

ns 

tpd15 

Negative Edge of ^to Positive Edge of 
REG FULL 

Load Circuit 1 
Figure 10 


45 

75 

ns 

CO 

Q. 

Skew between TA and REG FULL during 
Auto Response 

Load Circuit 1 
Figure 10 


50 

80 

ns 

tpd17 

REG LOAD to REG FULL; Positive Edge 
for Second Byte 

Load Circuit 1 
Figure 7 


45 

75 

ns 

^pd18 

REG FULL to BYTE CLK; Negative Edge 

Load Circuit 1 
Figure 7 


60 

90 

ns 

tpd19 

REG FULL to BYTE CLK; Positive Edge 

Load Circuit 1 
Figure 7 


145 

180 

ns 

tzH 

Output Enable to DATA, DATA, or DATA 
Delay outputs: HIZ to High 

CL = 50pF 

Figures 17, 17 


25 

45 

ns 

tzL 

Output Enable to DATA, DATA, OR DATA 
Delay Outputs; HIZ to High 

CL = 50pF 

Figures 16, 17 


15 

30 

ns 

tHZ 

Output Enable to DATA, DATA, or DATA 
Delay Outputs; High to HiZ 

CL = 15pF 

Figures 16, 17 


65 

100 

ns 

tLZ 

Output Enable to DATA, DATA, or DATA 
Delay Outputs; Low to HiZ 

CL=15pF 

Figures 16, 17 


45 

70 

ns 

tpw1 

REG LOAD Pulse Width 

Figure 12 

40 



ns 

tpw2 

First REG FULL Pulse Width (Note 6) 

Load Circuit 1 
Figure 7, Note 7 


8XT + 60 

8XT4-100 

ns 

^pw3 

REG FULL Pulse Width Prior to Ending 
Sequence (Note 6) 

Load Circuit 1 
Figure 7 


5xB 


ns 

tpw4 

Pulse Width for Auto Response 

Figure 10 

40 



ns 

^pw5 

Pulse Width for BYTE CLK 

Load Circuit 1 
Figure 7, Note 7 


8XT-I-30 

8xT-t-80 

ns 

^s 

Data Setup Time prior to REG LOAD 

Positive Edge. Hold Time = 0 ns 

Figure 12 


15 

23. 

ns 

tr1 

Rise Time for DATA, DATA, and DATA 

DELAY Output Waveform 

Load Circuit 2, 
Figure 13 


7 

13 

ns 

tf1 

Fall Time for DATA, DATA, and DATA 

DELAY Output Waveform 

Load Circuit 2, 
Figure 13 


5 

11 

ns 

tr2 

Rise Time for TA and REG FULL 

■ 

Load Circuit 1 
Figure 14 


20 

30 

ns 

tf2 

Fall Time for TA and REG FULL 

Load Circuit 1 
Figure 14 


15 

25 

ns 

^MAX 

Data Rate Frequency 
(Clock Input must be 8X this Frequency) 


DC 


3.5 

Mbits/s 

C|N 

Input Capacitance — Any Input 

Note 4 


5 

15 

PF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The tabie of “Eiectrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min./max. limits apply across the O^C to +70'’C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for T^ = 25'’C and Vcc = 5-OV. 

Note 3: All currents into device pins are shown as positive; all currerits out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute basis. 

Note 4: Input capacitance is guaranteed by periodic testing. fjEST = 10kHz at 300mV, T^ = 25°C. 

Note 5: Only one output should be shorted at a time. ' 

Note 6: T = 1/(Oscillator Frequency). Unit for T should be in ns. B = 8T. 

Note 7: Oscillator Frequency Dependent. 


9-28 




9-29 



Timing Waveforms (Continued) 



VOH 

- 50 % 

^ VOL 

TL/F5236-11 



FIGURE 10. Auto-Response 


FIGURE 11. Clock Pulse 







Typical Applications 


28 MHz MAX. (NOTE 3) 



FIGURE 18. 


+ 5V 



T1 (NOTE 2) 


90Q COAX 
(RG62A/U) 



4 


TUF5236-20 



(NOTE) 

DATA 


DP8342 

TRANSMITTER/ 


I 

ENCODER 

DATA 

I 

TA 

2 


'M 

5* 

+ IN -#— 1 




Notes: 1 ) Resistance values are in ohms, ±5%, V 4 W 

2) T1 is a 1:1:1 pulse transformer, L = 500 mH for 18 to 28MHz system clock. 

Pulse Engineering Part No. 5762 

Technitrol Part No. 11LHA or equivalent transformer 

3) Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE-18A @ 28MHz. 


Note: Data rates up to 3.5 Mbits/s at 50Q0ft still apply. 


FIGURE 19. Interface Logic for a Coax Transmission Line 


FIGURE 20. Direct Interface for a 

Coax Transmission Line 
(Non-IBM Voltage Levels) 
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National 

Semiconductor 


Data Communications Support 


DP8343 High-Speed Serial Receiver/ Decoder 


General Description 

The DP8343 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8343 receiver recognizes Bi-Phase serial data sent 
from Its complementary chip, the DP8342 transmitter, 
and converts it into eight (8) bits of parallel data. These 
devices are easily adapted to generalized high speed 
serial data transmission systems that operate at bit 
rates up to 3.5 MHz. 

The DP8343 receiver and the DP8342 transmitter are 
designed to provide maximum flexibility in system 
designs. The separation of transmitter and receiver 
functions allows addition of more receivers at one end 
of the Bi-Phase line without the necessity of adding 
unused transmitters. This Is advantageous in control 
units where the data is typically multiplexed over many 
lines and the number of receivers generally exceeds the 
number of transmitters. The separation of transmitter 
and receiver function provides an additional advantage 
In flexibility of data bus organization. The data bus 
outputs of the receiver are TRI-STATE®, thus enabling 
the bus configuration to be organized as either a 
common transmit/receive ' (bi-directional) bus or as 
separate transmit and receive busses for higher speed. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Features 

■ DP8343 receives eight (8) bit data bytes 

■ Separate receiver and transmitter provide maximum 
system design flexibility 

■ Even parity detection 

■ High sensitivity input on receiver easily interfaces to 
coax line 

■ Standard TTL data input on receiver provides gener- 
alized transmission line interface and also provides 
hysteresis 

■ Data holding register 

B Multi-byte or single byte transfers 

B TRI-STATE receiver date outputs provide flexibility 
for common or separated transmit/receive data bus 
operation 

■ Data transmission error detection on receiver provides 
for both error detection and error type definition 

■ Bipolar technology provides TTL input/output com- 
patibility with excellent drive characteristics 

■ Single +5V power supply operation 


Connection Diagram 


RECEIVER DISABLE' 
+AMPLIFIERiNPUT' 
-AMPLIFIER INPUT 
DATA (TTL) 
DATA CONTROL 
CLOCK 
RECEIVER ACTIVE 
ERROR 
REGISTER REi^ 
DATA AVAILABLE 
OUTPUT CONTROL 
GNO 



FIGURE 1. 

Order Number DP8343J or DP8343N 
See NS Package J24A or N24A 


9-32 



Block Diagram 



ERROR OUTPUT PARALLEL OUTPUT DATA 


FIGURE 2. DP8343 Bi-Phase Receiver 


Block Diagram Functional Description 

Figure 2 is a block diagram of the DP8343 receiver. This 
chip is essentially a serial in/parallel out shift register. 
However, the serial input data must conform to a very 
specific format (see Figures 3-6). The message will not 
be recognized unless the format of the starting 
sequence is correct. Deviations from the format In the 
data, sync bit, parity or ending sequence will cause an 
error to be detected, terminating the message. 

Data enters the receiver through the differential input am- 
plifier or the TTL Data input. The differential amplifier is a 
high sensitivity input which may be used by connecting It 
directly to a transformer coupled coax line, or other trans- 
mission medium. The TTL Data input provides 400 mV of 
hysteresis and recognizes TTL logic levels. The data then 
enters the demodulation block. 

The data demodulation block samples the data at eight 
(8) times the data rate and provides signals for detecting 
the starting sequence, ending sequence, and errors. 
Detection of the starting sequence sets the Receiver 
Active output high and enables the input shift register. 

As the eight bits of data are shifted Into the shift register, 
the receiver will verify that even parity is maintained on 
the data bits and the sync bit. Serial Data and Serial 
Data Clock, the inputs to the shift register, are provided 
for use with external error detecting schemes. After one 
complete data byte Is received, the contents of the input 
shift register Is parallel loaded to the holding register, 
assuming the holding register is empty, and the Data 
Available output Is set. if the holding register is full, this 
load will be delayed until that register has been read or 


the start of another data byte is received, in which case a 
Data Overflow Error will be detected, terminating the 
message. Data is read from the holding register through 
the TRI-STATE Output Buffers. The Output Enable input 
is the TRI-STATE control for these outputs and the 
Register Read input signals the receiver that the read 
has been completed. 

When the receiver detects an ending sequence the Re- 
ceiver Active output will be reset to a logic “0” indicating 
the message has been terminated. A message will also 
terminate when an error is detected. The Receiver Active 
output used in conjunction with the Error output allows 
quick response to the transmitting unit when an error 
free message has been received. 

The Error Detection and Identification block Insures that 
valid data reaches the outputs of the receiver. Detection 
of an error sets the Error output to a logic “1 ” and resets 
the Receiver Active output to a logic “0” terminating the 
message. The error type may be read from the data bus 
outputs by setting the Output Control input to logic “0” 
and enabling the TRI-STATE outputs. The data bit out- 
puts have assigned error definitions (see error code 
definition table). The Error output will return to a logic 
“0” when- the next starting sequence is received, or 
when the error is read (Output Control to logic “0” and a 
Register Read performed). 

The Receiver Disable Input Is used to disable both the 
amplifier and TTL Data receiver inputs. It will typically 
be connected directly to the Transmitter Active output 
of the DP8342 transmitter circuit. 
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Detailed Functional Pin Description 

Receiver Disable 

This input is used to disable the receiver’s data Inputs. 
The Receiver Disable input will typically be connected to 
the Transmitter Active output of the DP8342. However, at 
the system controller it may be necessary for both the 
transmitter and receiver to be active at the same time. 
This variation can be accomplished with the addition of 
minimal external logic. 


Truth Table 


Receiver Disable 

Data Inputs 

Logic “0” 

Active 

Logic “1” 

Disabled 


Amplifier Inputs 

The receiver has a differential input amplifier which 
may be directly connected to the transformer coupled 
coax line. The amplifier may also be connected to a dif- 
ferential type TTL line. The amplifier has 20 mV of 
hysteresis. 

Data Input 

This input can be used either as an alternate data Input 
or as a power-up check input. If the system designer 
prefers to use his own amplifier, instead of the one pro- 
vided on the receiver, then this TTL input may be used. 
Using this pin as an alternate data input allows self-test 
of the peripheral system without disturbing the trans- 
mission line. 

Data Control 

This input is the control pin that selects which of the 
inputs are used for data entry to the receiver. 


Truth Table 


Data Control 

Data Input To 

Logic “0” 

Data Input 

Logic “1” 

Amplifier Inputs 


Note: This input is aiso used for testing. When the input voltage is 
raised to 7.5V the chip resets. 


Clock Input 

This input is the internal clock of the receiver. It must be 
set at eight (8) times the line data bit rate. The crystal- 
controlled oscillator provided in the DP8342 transmitter 
also operates at this frequency. The Clock Output of the 
transmitter Is designed to directly drive the receiver’s 
Clock Input. In addition, the receiver is designed to 
operate correctly to a data bit rate of 3.5 MHz. 

Receiver Active 

The purpose of this output is to inform the external sys- 
tem when the DP8343 is in the process of receiving a 
message. This output will transition to a logic “1” state 
after a receipt of a valid starting sequence and transition 
to logic “0” when a valid ending sequence is received or 
an error is detected. This output combined with the Error 
output will inform the operating system of the end of an 
error free data transmission. 


Error 

The Error output transitions to a logic “1 ” when an error 
is detected. Detection of an error causes the Receiver 
Active and the Data Available outputs to transition to a 
logic “0”. The Error output returns to a logic “0” after 
the error register has been read or wheri the next starting 
sequence is detected. 

Register Read 

The Register Read input when driven to the logic “0” 
state signals the receiver that data in the holding regis- 
ter is being read by the external operating system. The 
data present In the holding register will continue to re- 
main valid until the Register Read input returns to the 
logic “1” condition. At this time, If an additional byte Is 
present in the input shift register it will be transferred to 
the holding register, otherwise the data will remain valid 
in the holding register. The Data Available output will be 
In the logic “0” state for a short interval while a new 
byte is transferred to the holding register after a regis- 
ter read. 

Data Available 

This output indicates the existence of a data byte within 
the output holding register. It may also indicate the 
presence of a data byte in both the holding register and 
the input shift register. This output will transition to the 
logic “1” state as soon as data is available and return to 
the logic “0” state after each data byte has been read. 
However, even after the last data byte has been read and 
the Data Available output has assumed the logic “0” 
state, the last data byte read from the holding register 
will remain until new data has been received. 

Output Control 

The Output Control input determines the type of infor- 
mation appearing at the data outputs. In the logic “1” 
state data will appear, in the logic “0” state error codes 
are present. 

Truth Table 


Output Control 

Data Outputs 

Logic “0” 

Error Codes 

Logic “1” 

Data 


Output Enable 

The Output Enable input controls the state of the TRI- 
STATE Data outputs. 


Truth Table 


Output Enable 

TRISTATE 

Data Outputs 

Logic “0” 

Disabled 

Logic “1” 

Active 


Data Outputs 

The DP8343 has an eight (8) bit TRI-STATE data bus. 
Seven bits are multiplexed with error bits. The error bits 
are defined in the table below. The Output Control input 
is the multiplexer control for the Data/Error bits. 


9-34 







Message Format 

Single Byte Transmission 


TRANSMISSION 
START SEQUENCE 




LINE 

QUIESCE 

PATTERN 

CODE 

VIOLATION 

SYNC 

BIT 


TRANSMISSION 
TERMINATION 
“ SEQUENCE 


ENDING 

SEQUENCE 


TRANSMISSION 

START 


TRANSMISSION 

TERMINATION 


Multi-Byte Transmission 


, SYNC BIT PARITY. 

I BYTE 2 BYTE X 


LINE 

CODE 

SYNC ^ 1st 8-BIT 

- 

^2nd 8-BIT 


BYTE 

ENDING 

IDLE ) 

UUItoUC 

PATTERN 

VIOLATION 

BIT BYTE 

BYTE 

CC 

X 

SEQUENCE 

'( 


BITBIT BIT BIT BITBIT BIT BIT 

LINE QUIESCE CODE 1 2 3 4 5 6 7,8 olSL 

VIOLATION data ► SEQUENCE 

SYNC PARITY 


DATA 

AVAILABLE . 


FIGURE 4A. Single Byte (8-Bit) Message 


jirinnn.j’inrunjxrijir^ jiru^juuu — c 


LINE QUIESCE VIOLATION h 1 si BYTE - 


ENDING 

- LAST BYTE ► SEQUENCE 


FIGURE 4B. Multi-Byte Message 

^35 




DP8343 


Error Code Definition 


Data Bit 
DP8343 

Error Type 

Bit 1 

Data Overflow (Byte not removed from holding register when it and the input shift register are both full 
and new data is received) 

Bit 2 

Parity Error (Odd parity detected) 

Bit 3 , 

Transmit Check conditions (existence of errors on any or all of the following data bits: Bit 2, Bit 4, and Bit 

5) 

Bit 4 

An invalid ending sequence 

Bit 5 

Loss of mid-bit transition detected at other than normal ending sequence time 

Bit 6 

New starting sequence detected before data byte in holding register has been read 

Bit 7 

Receiver disabled during receiver active mode 


Serial Data Data Clock 

The Serial Data output is the serial data coming into the The Data Clock output is the clock to the input shift 

input shift register. register. 


Message Format (Continued) 


jiruirui 


[nnnjmiuuirLfin ruumnr 


CODE 

VIOLATION 


-CORRECT DATA BYTE- 


-ERROR DETECTED 


RECEIVER 

ACTIVE 


DATA 

AVAILABLE 


REGISTER 

READ 


IT 


OUTPUT 

CONTROL 


FIGURE 5. Message with Error 


oata 1 n_j i_i u L . . . 

- njijijijmrm ruum... 

TUF5237--i 

FIGURE 6. Data Clock and Serial Data 
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Absolute Maximum Ratings (Note i) Operating Conditions 

Supply Voltage, Vcc 7.0V Min 

Input Voltage 5.5V Supply Voltage, (Vcc) 4.75 

Output Voltage 5.25V Ambient Temperature, Ta 0 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (soldering, 10 seconds) 300°C 

Maximum Power Dissipation* at 25'’C 

Cavity Package 2040 mW 

Molded Package 2237 mW 

* Derate cavity package 13.6 mW/°C above 25°C: derate molded package 

17.9 mW/“C above 25“C. 

Electrical Characteristics (Notes 2, 3, and s) 

Max 

5.25 

+70 

Units 

V 

°C 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Level 


2.0 



V 

V|L 

Input Low Level 




0.8 

V 

VlH-VlL 

Data Input Hysteresis (TTL, Pin 4) 


0.2 

0.4 


V 

VcLAMP 

Input Clamp Voltage 

liN = —12mA 


-0.8 

-1.2 , 

V 

IlH 

Logic “1” Input Current 

Vcc = 5.25V, V|N = 5.25V 


2 

40 

mA 

; liL 

Logic “0” Input Current 

Vcc = 5.25V, V|n = 0.5V 


-20 

-250 

mA 

VoH 

Logic “1” Output Voltage 

•oh = “‘i00f^A 

3,2 

3.9 


V 



•oh =”"• fTiA 

2.5 

3.2 


V 

VoL 

Logic “0” Output Voltage 

loL = 5mA 


0.35 

0.5 

V 

•os 

Output Short Circuit Current 

Vcc = 5V, VouT = 0V 

-10 

-20 

-100 

mA 



(See Note 4) 





•oz 

TRI-STATE"- Output Current 

Vcc = 5.25V, Vo = 2.5V 

-40 

1 

+40 

mA 



Vcc = 5.25V, Vo = 0.5V 

-40 

-5 

+40 

mA 

Ahys 

Amplifier Input Hysteresis 


5 

20 

30 

mV 

•cc 

Power Supply Current 

Vcc = 5.25V 


160 

250 

mA 

Timint 

g Characteristics (Notes 2 , e, 7 , and s) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Tdi 

Output Data to Data Available Positive 







Edge 


5 

20 

40 

ns 

Td2 

Register Read Positive Edge to Data 







Available Negative Edge 


10 

25 

45 

ns 

Td3 

Error Positive Edge to Data Available 







Negative Edge 


10 

30 

50 

ns 

Td4 

Error Positive Edge to Receiver Active 







Negative Edge 


5 

20 

40 

ns 

Td5 

Register Read Positive Edge to Error 







Negative Edge 


20 

45 

75 

ns 

Td6 

Delay from Output Control to Error Bits 







from Data Bits 


5 

20 

50 

ns 

Td7 

Delay from Output Control to Data Bits 







from Error Bits 


5 

20 

50 

ns 

Td8 

First Sync Bit Positive Edge to Receiver 



3.5*T 




Active Positive Edge 



+70 



Td9 

Receiver Active Positive Edge to First Data 







Available Positive Edge 



76*T 


ns 

Tdio 

Negative Edge of Ending Sequence to 



11.5*T 




Receiver Active Negative Edge 



+50 


ns 

Toil 

Data Control Set-up Multiplexer Time Prior 







to Receiving Data through Selected Input 


40 

30 


ns 

Td12 

Serial Data Set-Up Prior to Data Clock 







Positive Edge 



3*T 


ns 
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Timing Characteristics (Continued) (Notes 2, 6, 7, and 8) 


Load Circuit 2 


Load Circuit 2 


Symbol Parameter Conditions Min Typ Max Units 

Tpwi Register Read (Data) Pulse Width 40 30 ns 

Tpw 2 Register Read (Error) Pulse Width 40 30 ns 

Tpw 3 Data Available Logic “0” State between 

Data Bytes 25 45 ns 

Ts Output Control Set-up Time Prior to 

Register Read Negative Edge 0 -5 ns 

Th Output Control Hold Time After the 

Register Read Positive Edge 0 -5 ns 

Tze Delay from Output Enable to Logic “1” or Load Circuit 2 

Logic ‘*0” from High Impedance State 25 35 ns 

Tez Delay from Output Enable to High imped- Load Circuit 2 

ance State from Logic “1” or Logic “0” ' 25 35 ns 

Fmax Data Bit Frequency (Clock Input must be 

8x the Data Bit Frequency) DC 3.5 M Bits/s 

Note 1: “Absolute Maximum Ratings” are those values beyond vyhich the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min./max. limits apply across the O'C to +70'’C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for T^s^ = 25°C and Vqq = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shov/n as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Input characteristics do not apply to amplifier inputs (pins 2 & 3). 

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is 
used. 

Note 7: AC tests are done with input pulses supplied by generators having the following characteristics: Zout = 50S2, T^ < 5ns, and Tf < 5ns. 

Note 8: T= 1/ (clock input frequency), units for “T” should be ns. 


Min 

Typ 

Max 

Units 

40 

30 


ns 

40 

30 


ns 

25 

45 ' 


ns 

0 

-5 


ns 

0 

-5 


ns 


25 

35 

ns 


25 

35 

ns 

DC 


3.5 

M Bits/s 


Test Load Circuits 



Load Circuit 1 


Load Circuit 2 
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Timing Waveforms 


OUTPUT 

ENABLE 


DO 2 -DO 11 
OUTPUTS 
(OUTPUT CONTROL = HI) 


OATA 

AVAILABLE 


REGISTER 

READ 



FIGURE 8. Data Sequence Timing 


DATA 

AVAILABLE 


RECEIVER 

ACTIVE 


ERROR 


REGISTER 

READ 


OUTPUT 

CONTROL 


BIT1-BIT7 



TUF5237-10 


FIGURE 9. Error Sequence Timing 


-nruT 


CODE 

VIOLATION 


OATA 


U"- 


-sw 


RECEIVER 

ACTIVE 



DATA 

AVAILABLE 


TD9 


TUF5237-11 


FIGURE 10. Message Timing 


o 

-o 

00 

00 

CO 
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SERIAL DATA 


1 


- Td12- 


; V 


TL/F5237-12 


FIGURE 11. Data Clock and Serial Data Timing 



V|N+ 


V|N+ 


FIGURE 12. Data Waveform Constraints: Amplifier Inputs 



TUF5237-14 


FIGURE 13. Data Waveform Constraints: Data Input (TTL) 



FIGURE 14. Equivalent Circuit for DP8343 Input Amplifier 
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Typical Applications 


CO 


28 MHz MAX. (NOTE 1) 



TLyF5237-16 


Note 1: Crystal manufacturer Midland Ross Corp., NEL Unit Part No. NE-18A @ 28MHz 



FIGURE 15. 
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Typical Applications (Continued) 


+ 5V 



T1 (NOTE 2) 


90Q COAX 
(RG62A/U) 



4 


T17F5237-17 


Notes: 1) Resistance values are in ohms, ±5%, ViW. 

2)T1 is a 1:1:1 pulse transformer, Lmin = 500hH for 18MHz system clock. 
Pulse Engineering Part No. 5762 
Technitrol Part No. 11LHA or equivalent transformers. 


FIGURE 16. Interface Logic for A Coax Transmission Line 



n_ 1 

n 1 

1 


1 


IDEAL 

WAVEFORM 

AT TRANSMITTER 










END OF CABLE 






1 ViDEAL 





L_r 1 

U 1 

LT^ 1 



ACTUAL 
WAVEFORM 
AT TRANSMITTER 
END OF CABLE 



* TO MAINTAIN LOSS AT 95% OF IDEAL SIGNAL, 
SELECT TRANSFORMER INDUCTANCE SUCH THAT: 


L(MIN) = 


10,000 

tCLK 


EXAMPLE: 

1 = 10.000 

18.87 X 106 


1CLK= SYSTEM CLOCK 
FREQUENCY 
(e.g., 18.87MHz) 


L(MIN) = 53QmH 


TUF5237-18 

Notes: 1) Less inductance will cause greater amplitude 
attenuation. 

2) Greater inductance may decrease signal rise time 
slightly and increase ringing, but these effects are 
generally negligible. 


FIGURE 17. Transformer Selection 
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LSI Components for 
Winchester Disk Drives 
and Controllers 


National Semiconductor 
Application Note 334 
Mike Evans 
John Payne 
Tim Stout 
March 1983 



INTRODUCTION 

Designing an LSI solution for disk system data path elec- 
tronics requires careful examination of the total disk 
market place. The objective is to have a high performance 
solution able to handle state-of-the-art, 14-inch drives 
while still being reasonably priced for the lower perform- 
ance, highly cost-sensitive 5 1/4-inch market. The OEM 
Winchester disk market consists of three main device 
types: 14-inch, 8-inch and 5 1/4-inch. OEM supplied 14-inch 
drives range from capacities of 40 megabytes upwards to 
1 gigabyte with data rates of 10-24 megabits/second and 
access times of 25 ms. The 8-inch Winchester drives 
evolved from scaling of the 14-inch drives and are suitable 
devices for minicomputer environments. Storage capaci- 
ties vary from 16 megabytes to 200 megabytes with typical 
data rates of 7-9 megabits/second and typical access 
times of 30 ms. The 5 1/4-inch Winchester drive offers a 
high performance, high capacity version of the estab- 
lished 5 1/4-inch floppy disk. It is thus ideally suited to 
packaging in microcomputer-based systems. Initially, 
5 1/4-inch drives offered 6 megabytes of storage with typi- 
cal access times of 170 ms. Recently, devices have been 
announced with storage capacities of over 100 megabytes 
and access time of 30 ms. Data rates are typically 5 Mbits/ 
second, but will increase. 


PERFORMANCE/STANDARDS SET DESIGN AIMS 

The rapid evolution of Winchester drives has pushed 
storage capacities, data rates and access times to the 
limit. The DP8460 series hard disk chip set has been 
designed to handle data rates as high as 25 megabits/ 
second to interface with the fastest drives now available. 
The chip set uses the latest bipolar and CMOS processing 
techniques as shown in Figure 1. 


The use of high density run-length-limited codes is well 
established in the 14-inch market and will migrate to the 
8-inch and 5 1/4-inch drives. A further consideration of the 
design was the ability to work with such codes. Similarly, 
as storage densities increase, the necessity for ECC (error 
checking and correcting) electronics becomes apparent. 
Specific codes have yet to become standard since some in 
use today are considered inadequate for the future. The 
hard disk chip set design was required to anticipate such 
future developments. Furthermore, the design and func- 
tional partitioning had to take into account existing 
standards such as SMD and ANSI X3.101 and yet allow 
flexibility in areas where standards are still emerging. 
Finally, the introduction of removable media cartridges 
places increasing emphasis on programmable format. 



TUF/5264-1 


FIGURE 1. Two New Processes Provide Fast Data Rate Capability 


M^CMOS^*^ is a trademark of National Semiconductor Corp. 
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FUNCTIONS COMMON TO ALL DISK SYSTEMS 


There are certain functions which all disk systems typi- 
cally perform {Figure 2). As one looks at the data path of a 
disk system during a read operation, following It from the 
recording head to the host, there emerge eight well de- 
fined functions that are common to all disk drives. 

These are: 

1 . Select the desired head and preamplify the signal from 
it. 

2. Convert the data signal from an analog waveform into a 
sequence of digital pulses. 

3. Generate a clock and synchronized data from the dig- 
ital pulse train using phase-locked-loop techniques. 

4. Decode the synchronized data using the clock. 

5. Deserialize the data into byte-wide blocks and byte- 
align. 

6. Identify the desired sector and strip off synchroniza- 
tion information, addressing information, and error 
check information. 

7. Buffer the valid data from the desired sector. 

8. Transfer the data into the hosts’s main storage. 

Six similar functions are required for writing the data: 

1 . Transfer the data out of the host’s main storage. 

2. Buffer the data. 

3. Identify the desired sector, then append synchroniza- 
tioh and error checking fields to the data field. 

4. Serialize the data. 

5. Encode the data. 

6. Sdlect the correct recording head and drive It with the 
encoded data signal. 


A disk system is typically separated into two subsystems, 
the drive and the controller. However, there is no single 
definition as to which functions are performed in which 
place, the major disk-torcontroller interfaces make the 
division In different places. 

In the floppy extension interface (ST506), the drive per- 
forms the functions related to head selection, driving, 
preamplification, and the analog-to-digital conversion. 
Everything else Is done in the controller. For the SMD and 
ANSI X3.101 interfaces the drive also performs read clock 
generation, data decoding, and data encoding. Finally, 
with the intelligent disk interface, all of the functions are 
performed by the drive except DMA, which is done by the 
controller. 

The DP8460 series will work with all of the interfaces dis- 
cussed above. The chips implementing the various func- 
tions are placed in the drive or the controller depending 
upon the particular Interface used. The first chips in the 
set, the pulse detector, data separator, and disk data con- 
troller perform all of the functions discussed above with 
the exception of head operations. 

The DP8464 pulse detector converts the analog signal 
from the head preamplifier into digital pulses. The DP8460 
data separator performs read clock generation utilizing 
an internal phase-locked-loop and data signal decoding. 
The DP8466 disk data controller performs the remaining 
functions. 



I 
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DP8464 PULSE DETECTOR 

The pulse detector receives the analog signal from the 
read/write head amplifier and converts the peaks to digital 
pulses. It is always situated In the disk drive. The primary 
purpose of the pulse detector is to convert the analog 
signal received from the recording head Into a sequence of 
digital pulses that can be decoded by the data separator 
{Figure 3). Each flux reversal of the recording media 
represents a coded “1”; the absence of a reversal in a 
given window time represents a coded “0”. 

The pulse detector sees flux reversals as signal peaks 
from the recording head, and produces digital output 


pulses coinciding with the position of the incoming signal 
peaks. 

Figure 4a is a plot of relative pulse amplitude versus bits 
per inch (or recording density). As the recording density in- 
creases, bit interaction causes the signal amplitude to 
decrease. 

Pulse shapes as received by the pulse detector are shown 
in Figure 4b. Regions 1 and 2, the ones predominantly 
associated with disk drives, are characterized by the 
analog signal returning to the baseline between pulses. 


FUTURE DISK DRIVE ELECTRONICS 



I 

I 


TL;F;5264-3 

FIGURE 3. Pulse Detector in a Disk System 



FIGURE 4a. Pulse Amplitude vs Bit Density 



FIGURE 4b. Typical Waveforms 



10-5 


AN-334 




AN-334 


DATA SEPARATOR 


Peak detection is complicated by the susceptibility of the 
circuitry to noise peaks during this period. The trickiest 
part of the pulse detector design is to distinguish between 
signal peaks and noise peaks. 

Region 1 1s characterized by minimal amplitude distortion 
with a prolonged return to the baseline. Drives using thin 
film media or thin film head technology or run-length-llm- 
ited codes characteristically produce such pulses. The 
region 1 detector functions by enabling the differentiator 
from a threshold comparator {Figure 5). Only if the signal 
is greater than a preset threshold will an output pulse be 
enabled. Since noise peaks are characteristically of low 
amplitude, this approach effectively eliminates output 
pulses due to noise. 

Average signal strengths from the recording head will vary 
from track to track and even along the same track. Hence, 
use of threshold comparison and signal processing man- 
dates automatic gain control (AGO) circuitry to maintain a 
constant output from the wideband amplifier. 

Region 2 is characterized by some amplitude distortion 
and a tendency for the signal to return to the baseline. 
Drives using conventional ferrite heads with MFM typi- 
cally produce such pulses. The pulse detector will work 
with most drives operating in regions 1 and 2. 



WIDTH 


FIGURE 5. Pulse Detector Block Diagram 


The DP8460 data separator performs the two basic func- 
tions of read clock generation (using an internal phase- 
locked-loop) and MFM decoding (for MFM systems). It is 
usable with all of the interfaces discussed in this article. It 
receives encoded data from a pulse detector and outputs 
data and clock signals to the controller {Figure 6). A block 
diagram of the chip is shown In Figure 7. 



'* Soft-sectored disks only 

FIGURE 6. Data Separator in a Hard Disk System 
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FIGURE 7. Data Separator Detailed Block Diagram 
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The upper half of the block diagram Is the phase-locked- 
loop which is the heart of the chip. The PLL may be used 
with disks employing MFM or run-length-limited codes. A 
serial data output Is derived from the incoming raw data 
that is synchronized to the clock generated by the PLL. 
The synchronized data and clock pair then connect to an 
external data decoder for run-length-limited codes. When 
MFM encoding is used, the output connects internally to 
the MFM decoder. 

The PLL features two user-selectable tracking rates. A 
high tracking rate Is used while the PLL Is locking onto the 
data stream, but once lock-on Is achieved, a more stable 
and slower tracking rate is used. This offers an extremely 
quick lock-on time of less than two bytes, while allowing 
reliable operation by removing bit shift distortions when 
reading the actual data. The tracking rate switches when 
the external SET PLL LOCK signal goes active. When the 
chip is not read-enabled, the PLL tracks an external clock 
source. In a servo system, this is typically the servo clock, 
while stepper motor drives use a crystal. This allows the 
PLL to be at frequency when data decoding begins. 

Internal to the phase-locked-loop is a clock gate circuit 
which delays the data signal by an amount equal to half of 
the window. No external delay lines are required. The delay 
is guaranteed to be within a specified narrow time slot for 
all Internal sources of error combined. 

To generate the read clock, a clock multiplexer and de- 
glitcher are used. The ANSI X3.101 specification calls for 
only one clock between the drive and controller, which is a 
combined read clock/servo clock signal. The SMD specifi- 
cation, on the other hand, specifies both clocks are to be 
on the interface simultaneously. The chip follows the 
ANSI specification so that it can work in both systems. 

When SET PLL LOCK goes active, the READ CLOCK out- 
put switches from external clock to the PLL clock. The 
switch back takes place when the READ GATE signal goes 
inactive. The deglitcher ensures that no short clock 
periods are ever sent to the controller as a result of the 
switch between the two clocks. 


The other portion of the chip Is a data decoder that is used 
with systems using the MFM data code. Before lock-on the 
MFM decoder assumes that every incoming pulse is a 
clock pulse and not MFM data. When SET PLL LOCK goes 
active, the phase pattern between clock pulses and data 
pulses Is frozen to allow decoding of the data. The output 
of this section is sent to the controller as NRZ READ DATA 
along with the synchronous READ CLOCK. 

The missing clock detector monitors the incoming data 
pattern for an MFM missing clock violation. If there is an 
Incoming address mark, and a missing clock is detected, 
the chip activates the signal MISSING CLOCK DETECTED. 


DISK DATA CONTROLLER 

The DP8466 disk data controller Is designed to control the 
data transfer between the disk drive and the system as 
shown In Figure 8. All other functions are left to a 
microcontroller or microprocessor. The DDC interfaces to 
the data separator, on one side, and the system bus or an 
Intelligent disk interface, on the other side. The primary 
data path functions are to sequence the format field, iden- 
tify the desired sector, serialize memory data when writing 
to disk, and to deserialize and byte-align the disk data. 
Other data path functions performed are data buffering 
and DMA handling. See Figure 9 for a block diagram of the 
chip. 

It Is inadequate to store data on the disk media directly as 
received from the host. Various extra fields are needed. 
The external PLL needs a preamble field in order to 
achieve lock-on. The deserializer needs a synch field to 
distinguish the end of the preamble to establish byte 
boundaries within the serial data stream. Address fields, 
called headers, are needed to identify and locate specific 
blocks of data. Error checking and correcting fields are 
typically appended to the data, as well as various types of 
postambles and gaps. 


FLOPPY EXTENSION 


SMD OR ANSI X3.101 


SYSTEM INTERFACE 
OR INTELLIGENT DRIVE 
INTERFACE 



TL/F/5264-8 


FIGURE 8. Disk Data Controller in a Disk System 


10-8 




FIGURE 9. Disk Data Controller Block Diagram 


FORMAT I 

[ PREAMBLE | A.M. j SYNCH | HDR | CRC/ECC | EXT ECC | POSTAMBLE | PREAMBLE | A.M. j SYNCH [dATa| CRC/ECC | EXT ECC | POSTAMBLE | Ga7 


FORMAT II 


1 PREAMBLE 

SYNCH 

HDR 

CRC/ECC 1 EXT ECC 

POSTAMBLE 

PREAMBLE 

SYNCH 

DATA 

CRC/ECC 

EXT ECC 

POSTAMBLE 

GAP j 


FORMAT III 


1 PREAMBLE | 

SYNCH 

1 HDR 

CRC/ECC 

DATA 

CRC/ECC 

1 EXT ECC 

POSTAMBLE 

GAP 1 


FIGURE 10. Typical Disk Formats 


The particular sequence and combination of fields used in 
storing information on the disk is called the format. There 
is no standard format which is used in all disk drives, but 
three popular formats are shown in Figure 10. To meet all 
the different needs of these drives, the chip is externally 
programmable. The user chooses his own preamble, synch 
pattern, address mark, postamble and gap, and the order 
of the format. This is usually performed only once, at in- 
itialization. During normal operations such as reading to, 
or writing from the disk, header information is written to 
the chip from the microprocessor, along with the mode of 
operation to be performed such as single or multi-sector, 
read, or write. Information in the status register or the error 
register may be accessed. 


The serializer converts the parallel data from memory into 
a serial bitstream and outputs it as NRZ data coincident 
with the WRITE CLOCK, to interface direct to the SMD or 
ANSI interfaces. The DDC may also be configured to out- 
put MFM encoded data to interface easily to the floppy ex- 
tension (ST506) interface. The deserializer converts the 
serial bitstream into byte-wide data for memory. The 
deserializer features a comparator which is not only used 
to perform the initial byte-boundary synchronization but is 
also used in identifying header address. 


An Internal 32-byte (16-word) FIFO buffers memory data 
transfers. This FIFO is sufficiently deep to allow extensive 
microprocessor usage during transfer operations without 
causing overruns. The chip can be set to transfer data 8 
bits or 16 bits at a time. Direct memory access (DMA) capa- 
bilities are also Included on-chip. A counter provides a 
16-bit address field which can be strobed out of the I/O bus 
prior to valid data. DMA handshake and control signals 
are provided. This eliminates the need for an external DMA 
controller chip, and allows faster memory transfers. 

Cyclic redundancy check (CRC) or ECC calculations are 
made on-chip and appended to the data stream when writ- 
ing, or checked with the CRC/ECC appendage when read- 
ing. When the on-chip CRC/ECC codes are undesirable, 
external circuitry may be used. The disk data controller 
has twocontrol pins for communication with such circuitry. 

Besides the standard features discussed above, the chip 
has a number of special features. A unique interrupt, called 
HFASM, notifies the microprocessor that the header 
failed but the sector numbered matched; this is usually a 
serious condition requiring immediate attention. If this 
condition occurs, the last header field read is stored inter- 
nally and Is accessible to the microprocessor. Sector Inter- 
locking is available for special microprocessor format 
sequencing. In multiple sector operations, checkpoint in- 
terrupts to the microprocessor are available. 
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DP8460 


National 
Semiconductor 

DP8460 Data Separator 

General Description 

The DP8460 Data Separator is designed for application in 
disk drive memory systems, and depending on system re- 
quirements, may be located either in the drive or in the con- 
troller. it receives digital pulses from a pulse detector circuit 
(such as the DP8464 Disk Pulse Detector), if the DP8460 is 
situated in the drive, or from the Floppy Extension Interface 
If it is situated in the controller. After locking on to the fre- 
quency of these input pulses, it separates them into syn- 
chronized data and clock signals. If the input pulses are 
MFM encoded data, the data is made available as decoded 
NRZ data to be deserialized directly by a controller (such as 
the DP8466 Disk Data Controller). If a run-length-llmited 
code Is used, the synchronized data output is available to 
allow external circuitry to perform the data decoding func- 
tion. All of the digital input and output signals are TTL com- 
patible and only a single +5V supply is required. The chip is 
housed In a standard narrow 24-pin dual-in-line package 
(DIP) and is fabricated using Advanced Schottky bipolar an- 
alog and digital circuitry. This high speed I.C. process allows 
the chip to work with data rates up to 25Mbit/sec. There are 
three versions of the chip, each having a different decode 
window error specification. All three versions (-2, -3, -4) 
will operate from 2 to 25Mbit/sec, with respectively increas- 
ing window errors, as specified in the Electrical Characteris- 
tics Table. 

The DP8460 features a phase-lock-loop (PLL). consisting of 
a pulse gate, phase comparator, charge pump, buffering 
amplifier, and voltage-controlled-oscillator (VCO). Pins are 
provided for the user to select the values of the external 
filtering components required for the pulse gate and amplifi- 
er, the frequency setting components required for the VCO, 
and two current setting resistors for the charge pump. The 


Disk Support 

PRELIMINARY 


DP8460 has been designed to lock on to the incoming pre- 
amble data pattern within the first two bytes, using a high 
rate of charge pump current. Once lock-on has been 
achieved, the charge pump switches to a lower rate (both 
rates being determined by the external resistors) to maintain 
stability for the remainder of the read operation. At this time 
the READ CLOCK output switches, without glitching, from 
half the 2f-CLOCK frequency to half the VCO CLOCK fre- 
quency. After lock-on, with soft sectored disks, the MISS- 
ING CLOCK DETECTED output indicates when a missing 
clock in an address mark field occurs so the controller can 
align byte boundaries to begin deserialization of the incom- 
ing data. 

Features 

■ Operates at data rates up to 25Mbit/sec 

■ Separates MFM data into read clock and serial NRZ 
data 

■ 4 byte preamble-lock indication capability 

■ Preamble recognition of MFM encoded “0'’s or “T’s 

■ User-determined PLL loop filter network 

■ PLL charge pump has two user-determined tracking 
rates 

■ External control of track rate switchover 

■ No glitch on READ CLOCK at switchover 

■ Synchronized data provided as an output (for RLL 
codes) 

■ ORed phase comparator outputs for monitoring bit-shift 

■ Missing clock detected for soft sectored disks 

■ Less than power consumption 

■ Standard narrow 24-pln DIP , 

■ Single +5V supply 



DP8460 Simplified 
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P62 — 
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24 

— Vcc 

IBset — 
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— PG1 

IRset — 
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22 

— PG3 

CPoUT 

4 


21 

— 21-CLOCK 
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20 
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C2 
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18 

— SET PLL LOCK 
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8 


17 

— DELAY DISABLE 

PHASE COMP TEST — 
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16 
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ZEROES /ONES PREAMBLE — 

10 


15 

— LOCK DETECTED 

MISSING CLOCK DETECTED — 

11 


14 

~ NRZ READ DATA 

GND — 

12 


13 

— SYNCHRONIZED DATA 


TOP VIEW TL/F/5182-2 


PIN DEFINITIONS: 

Power Supply 
24 Vcc +5V ±5% 

12 Ground 

TTL Level Logic Inputs 

16 READ GATE: This is an active high input signal that sets 
the DP8460 Data Separator into the Read Mode. 

17 DELAY DISABLE: This input determines the delay from 
READ GATE going high to the time the DP8460 enters the 
Read Mode. If DELAY DISABLE is set high, this delay is 
within one cycle of the 2f-CLOCK signal. If DELAY DISABLE 
is set low, the delay is thirty two cycles of the 2f-CLOCK, as 
shown in Figure 1. 

18 SET PLL LOCK: This input allows the user to determine 
when the on-chip PLL will go into the low track rate. A high 
level at this input results in the PLL being in the high t rack 
rate. If this input is connected to the LOCK DETECTED out- 
put, the PLL will go into the low track rate mode immediately 
after lock is detected. 

10 ZEROES/MeS PREAMBLE: A high level on this input 
enables the circuit to recognize an All Zeros data preamble. 
A low level results In the recognition of an All Ones data 
preamble. 

20 ENCODED DATA: This input is connected to the output 
of the head amplifier/pulse-detecting network located In the 
disk drive. Each positive edge of the ENCODED DATA 
waveform identifies a change of flux on the disk. In the case 
of MFM encoded data, the input will be raw MFM. 

21 2f-CLOCK: This is a system clock input, which is either a 
signal generated from the servo track (for systems utilizing 
servo tracks), or a signal buffered from a crystal. 

TTL Level Logic Outputs 

8 VCO CLOCK: This is the output of the on-chip VCO, 
transmitted from an Advanced Schottky-TTL buffer. It is 
synchronized to the MFM data output and, if needed, it can 
be used as the 2f-CLOCK for encoding MFM when writing to 
the disk. 

15 LOCK DETECTED: This output goes active low only af- 
ter both PLL Lock has occurred and the preamble pattern 
has been recognized. It remains low until READ GATE goes 
inactive. 


14 NRZ READ DATA: This is the NRZ decoded data output, 
whose leading edges coincide with the trailing edge of 
READ CLOCK. 

13 SYNCHRONIZED DATA: This output is the same encod- 
ed data that is input to the chip, but is synchronous with the 
negative edge of the VCO CLOCK. 

11 MISSING CLOCK DETECTED: When a missing clock is 
detected, this output will be a single pulse (of width equal to 
one cycle of READ CLOCK) occurring as shown in Figure 2. 
19 READ CLOCK: This is half VCO CLOCK frequency dur- 
ing read mode after PLL Lock; it is half 2f-CLOCK frequency 
at ail other times. A deglitcher is utilized to ensure that no 
short clock periods occur during either switchover. 

9 PHASE COMP TEST: This output is the logical “OR” of 
the Phase Comparator outputs, and may be used for the 
testing of the disk media. 

Analog Signals 

23, 22, PG1, PG3: The external capacitors and resistor of 
the Pulse Gate filter are connected to these pins. 

1 PG2: This is the Pulse Gate current supply. 

3 IRSET: The current into the rate set pin (VsE/Rpate) is 
half the charge pump output current for the slow tracking 
rate. 

2 IBSET: The current into the boost set pin (Vse/RboosO 'S 
half the amount by which the charge pump current is in- 
creased for the high tracking rate. (Ihirate = Irate Set + 
•boost Set). 

4 CPOUT: CHARGE PUMP OUT/BUFFER AMP IN is avail- 
able for connection of external filter components, for the 
phase-lock-loop. In addition to being the charge pump out- 
put node, this pin is also the noninverting input to the op- 
amp of the Buffer Amplifier. 

7 RVCO: The current into this pin determines the operating 
currents within the VCO. 

5, 6 VCO Cl, C2: An external capacitor connected across 
these pins sets the nominal VCO frequency. 
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Absolute Maximum Ratings 

Supply Voltage 7V 

TTL Inputs 7V 

Output Voltages 7V 

Input Current (CPOUTJRSET.lBSET.RVCO) 2mA 

Storage Temperature . -65“C to 150“C 

Operating Conditions 

Symbol 

Parameter 

Conditions 

Min 


Max 


Vcc 

Ta 

•oh 

•OL 

^DATA 

hiCK 

tWPD 

V|H 

VlL 

Supply Voltage 

Ambient Temperature 

High Logic Level Output Current 

Low Logic Level Output Current 

Input Data Rate 

Width of 2f-CLOCK, High or Low 

Width of ENCODED DATA Pulse, 

High or Low (Note 2) 

High Logic Level Input Voltage 

Low Logic Level Input Voltage 

Vco Clock 
Others 

Vco Clock 
Others 

4.75 

0 

2.0 

10 

0.25t 

2 

5.00 

25 

5.25 

70 

-2000 

-400 

20 

8 

25 

0.8 

V 

°C 

/jLA 

mA 

Mbit/sec 

ns 

ns 

V 

V 

DC EleCtriCdl Chdrsctcristics over Recommended Operating Temperature Range 

Symbol 

Parameter 

Conditions 

Min 

Typ 



V|C 

Input Clamp Voltage 

Vcc = Min., I| = -18mA 



msm 


VOH 

High Level Output Voltage 

Vcc ^ Miri., Iqh = Max. 

VCC-2V 

VCC-1.6V 



VoL 

Low Level Output Voltage 

Vcc = Min., Iql = Max. 



0.5 


1|H 

High Level Input Current 

Vcc = Max., V| = 2.7V 



20 


l|L 

Low Level Input Current 

Vcc = Max., Vi = 0.4V 



-200 


lo 

Output Drive Current 


-30 


-110 


•cc 

Supply Current 

Vcc = Max. 





•out 

Charge Pump Output Current 

•rSET = Vbe/RraTE 
•bSET = Vbe/RbOOST 

-10% 

-10% 

2xIrset 

2x(IrseT+IbSET) 

+10% 

+10% 

mA 

1. This value has been chosen to produce a current that closely approximates one-half of the true short-circuit output current, Iqs- 

2. t is defined as the period of the encoded data 
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AC Electrical Characteristics Over Recommended Vcc and Operating Temperature Range. 
(All Parts unless stated otherwise) (tp = tp = 2.0ns, V|h = 3.0V, V|l = OV) 


— 

Symbol 

Parameter 

Min 



Units 

tREAD 

Positive READ CLOCK transitions from READ GATE set active 
until PLL Lock sequence begins (DELAY DISABLE low) 




— 

tREAD 

Positive READ CLOCK transitions from READ GATE set active 
until PLL Lock sequence begins (DELAY DISABLE high) 


1 

IB 

— 

tOECODE NRZ 

Number of READ CLOCK cycles required to output 
each decoded MFM data bit^ 

— 

2 

3 

T-clock 

tTRANSMIT MFM 

Positive READ CLOCK transitions required to transmit 
input MFM to output 

1 

2 

3 

— 

tREAD ABORT 

Number of READ CLOCK cycles after READ GATE 
set low to read operation abort 



2 

T-clock 

twiNDOW 

DP8460-2 

Variance of center of decode window from nominal^ DP8460-3 

DP8460-4 



2+0.6%r 

3+0.8%t 

4+1.0%t 

ns 

4>LINEARITY 

Phase range for charge pump output Iinearity2 

-77 


+ 77 

Radians 

Ki 

Phase Comparator — Charge Pump gain constant^ 


Vbe 

ttR 


Amps/rad 

VcONTROL 

Charge pump output voltage swing from nominal 


±100 


mV 

KvC0(=AxK2) 

VCO gain constant (wvco = VCO center frequency in rad/s)6 

1.4a)c 

1.6a)c 

1.8ft)c 

rad/sec. V 

Vbe 

Vbe 

Vbe 

tvco 

VCO center frequency variation over temperature and Vcc 

-5 


+ 5 

% 

tMAXVCO 

VCO maximum frequency 

70 



MHz 

1 

tHOLD 

Time READ CLOCK is held low during changeover 
after lock detection has occurred^ 



iy2 

T-clock 

tMFMSKEW 

Output skew between VCO clock and Synchronized Data 




ns 

tNRZSKEW 

Output skew between READ CLOCK, NRZ READ 

DATA and MISSING CLOCK DETECTED 




ns 


1. A sample calculation of frequency variation vs. control voltage: V|m = ±0.2V; Kwcn = “7; — 

V|N 

2. -TT to -i-TT with respect to 2f VCO CLOCK 

3. T-clock is defined as the time required for one period of the READ CLOCK to occur. 


0.4 o)Q 
0.2V 


2.0 Q)Q 

V 


4. This number remains fixed after PLL Lock occurs. 

5. With respect to VCO CLOCK; IpuMP OUT 2 Iset 

I ^BE 

6. Although specified as the VCO gain constant, this is the gain from the Buffer Amplifier input to the VCO output. 

7. T is defined as the period of the incoming data stream 


(rad/sec) 

(volt) 



/ 


10 


10-13 


DP8460 






DP8460 


External Component Selection (ah Parts) 


Symbol 

Component 

Min 

Typ 

Max 

Unit 

Rvco 

VCO Frequency Setting Resistor 

990 


1010 

ft 

Cvco 

VCO Frequency Setting Capacitor 

15 



PF 

Rlf 

Loop Filter Resistor 

TBD 


TBD 

ft 

Clfi 

Loop Filter Capacitor 1 

20 


TBD 

pF 

ClF2 

Loop Filter Capacitor 2 

20 


TBD 


Rrate 

Charge Pump Irate Set Resistor 

1.2 


6.5 


Rboost 

Charge Pump (High Rate) Iboost Resistor 

0.4 


oo 

kft 

RpG2 

Delay Time Setting Resistor 

0 


150 

kft 

RpG1 

Pulse Gate Resistor 



TBD 

kft 

CpGI 

Pulse Gate Capacitor C1 

20 


TBD 

pF 

CpG2 

Pulse Gate Capacitor C2 

20 


TBD 

pF 

Cr 

Irate Bypass Capacitor 

1000 



pF 

Cb 

[boost Bypass Capacitor 

1000 



pF 
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Cp, Dp = preamble clock and preamble data bits respectively. 

L = Number of 2f-clock cycles required for VCO to lock (typically = 20 2f-clock cycles), but determined by external component values 
At 32 + L, VCO has just locked. 

At 64 + L, circuit has confirmed lock (has been in lock for 16 MFM clock bits). This sequence shows the MFM preamble pattern. 
FIGURE 1. Lock-on Sequence Waveform Diagram 
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* READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period depending on the phase of the internal clock at activation of READ GATE Input. 

0 MISSING CLOCK DETECTED Is one READ CLOCK period ahead of the chip issuing D8 on the NRZ READ DATA output when READ CLOCK Is delayed by one VCO clock period 
0 MISSING CLOCK DETECTED is synchronous with the chip issuing D8 on the NRZ READ DATA Output when READ CLOCK is not delayed 


FIGURE 2. Missing Clock Detection Waveform Diagram 
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* READ CLOCK and NRZ READ DATA may be delayed by one VCD clock period with respect to Synchronized Data depending on the phase of the internal clock at activation of READ GATE input. 

FIGURE 3. Locked-on Waveform Diagram 
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CIRCUIT OPERATION 

When the READ GATE input goes high, the DP8460 Data 
Separator enters the read mode after a period determined 
by the state of the DELAY DISABLE pin. This may be either 
one or thirty two 2f-CLOCK cycles. Referring to Figure /, 
once in the read mode, the phase-locked-loop reference 
signal is switched from 2f-CLOCK input to the ENCODED 
DATA input. The PLL, initially in the high-tracking rate mode, 
then attempts to lock onto the incoming encoded data 
stream. By careful selection of the loop filter components, 
this can be within 2 bytes. Preamble pattern recognition 
then can begin. As soon as two bytes of the selected pre- 
amble are detected, (the selection is determined by the ZE- 
ROES/ONES PREAMBLE pin) the LOCK DETECTED out- 
put goes low. In a typical MFM disk drive application, the 
LOCK DETECTE D output is directly connected to the 
SET PLL LOCK input. With this connection, track rate se- 
lection, clock output switchover, and data output enabling 
will occur after four consecutive preamble bytes have been 
fed Into the chip, from the time the read mode began. 

A low level on the SET PLL LOCK causes the PLL Charge 
Pump to switch from the high to low tracking rate. At the 
same time the source of the READ CLOCK signal is 
switched from half the frequency of the 2f-CLOCK to half 
the VCO clock. The MFM decoder also becomes enabled 
and begins to output decoded NRZ data. If the preamble is 
being decoded, and it is a zeroes data preamble, the NRZ 
READ DATA output will remain low until the end of the pre- 
amble. It will then output NRZ data some 2f-CLOCK periods 
after the preamble field has ended, as shown in Figures 2 
and 3. 

Figure 4 shows the sequence when READ GATE goes low, 
signifying the end of a read operation. The PLL reference 
signal is switched back to half the 2f-CLOCK and the 
LOCK DETECTE D output (and therefore the 
SET PLL LOCK input) goes high. The PLL then returns to 
the high tracking rate, and the output signals return to their 
initial conditions. 

CIRCUIT DESCRIPTION 

1. Read Enable and Delay: If the DELAY DISABLE Input is 
connected low, then thirty two 2f-CLOCK cycles after READ 
GATE goes active, the DP8460 will go into the read mode. If 
the DELAY DISABLE input is connected high, the chip will 
go into the read mode one 2f-CLOCK cycle after READ 
GATE goes active. This feature allows the user to choose 
the time at which the PLL Lock Sequence begins and thus 
accommodates systems with short preambles. 

2. Pulse Gate, including Input Multiplexer and Data Synchro- 
nizer: The Input Multiplexer selects the input to the phase- 
lock-loop. While the chip Is In the bypassed mode, the PLL 
is locked on half the 2f-CLOCK frequency, but in the read 
mode, the Input Multiplexer switches to the ENCODED 
DATA signal. The VCO CLOCK then begins to synchronize 
with the ENCODED DATA signal. The Pulse Gate allows a 
reference signal from the VCO into the Phase Comparator 
only when a ENCODED DATA bit is valid. The Pulse Gate 
utilizes a scheme which delays the incoming data by one- 
half the period of the 2f-CLOCK. This optimizes the position 
of the decode window and allows input jitter up to ± half the 
2f-CLOCK period, assuming no error in the decode window 
position. The decode window error can be determined from 
the specification in the Electrical Characteristics Table. 


3. Phase Comparator: The Phase Comparator receives its 
inputs from the Pulse Gate, and is edge-triggered from 
these inputs to provide charge-up and charge-down out- 
puts. 

4. Charge Pump: The high speed charge pump consists of a 
switchable constant current source and sink. The charge 
pump constant current is set by connecting external resis- 
tors to Vcc from the charge current rate set, (IRSET) and 
current boost set (IBSET) pins. Before lock is indicated, the 
PLL is in the fast tracking rate and both resistors determine 
the current. In the slow tracking rate after lock-on, only the 
IRSET resistor determines the charge pump current. The 
output of the charge pump feeds Into external filter compo- 
nents and the Buffer Amplifier. 

5. Buffer Amplifier: The input of the Buffer Amplifier is inter- 
nally connected to the charge pump’s constant current 
source/sink output as well as the external Loop Filter com- 
ponents. The Buffer Amplifier is configured as a high input 
impedance amplifier which allows for the connection of ex- 
ternal PLL filter components to the Charge Pump output pin 
CPOUT. The output of the Buffer Amplifier is internally con- 
nected to the VCO control Input. 

6. VCO: The Voltage-Controlled-Oscillator requires a resis- 
tor from the RVCO pin to ground and a capacitor between 
pins C1 and C2, to set the center frequency. The VCO fre- 
quency can be varied from nominal by approximately 
±20%, as determined by its control input voltage. 

7. PLL Lock-on/Preamble Pattern Detector: To recognize 
preamble, the preamble pattern from the disk must consist 
exclusively of either data bit zeroes (encoded into ..10.. 
MFM clock pulses) when the ZEROES/ONES PREAMBLE 
pin is set high, or data bit ones (encoded into ..01.. MFM 
clock pulses) when set low. The preamble pattern must be 
long enough to allow the PLL to lock, and subsequently for 
the Preamble Pattern Detector circuit to detect two com- 
plete bytes. 

Once the chip is in the read mode, the VCO proceeds to 
lock on to the incoming data stream. The Preamble Pattern 
Detector then searches for a continuous pattern of 
10101010101010101010101010101010 (16 consecutive pul- 
ses at the data rate) to indicate lock has been achieved. 
The LOCK DETECTED output then goes low. 

Any deviation from the above-mentioned one-zero pattern 
at any time before PLL Lock is detected will reset the PLL 
Lock Detector. The lock detection procedure will then start 
again. 

8. MFM Decoder: The MFM Decoder receives synchronized 
MFM data from the Pulse Gate and converts it to NRZ 
READ DATA. For run-length-limited codes the MFM Decod- 
er and Missing Clock Detector will not be used. 

9. Missing Clock Detector: This block is only required for 
soft-sectored drives, and Is used to detect a missing clock 
violation of the MFM pattern. The missing clock Is inserted 
when writing to soft-sectored disks to indicate the location 
of the Address Mark in both the ID and the Data fields of 
each sector. Once PLL Lock has been indicated, the Miss- 
ing Clock Detector circuit Is enabled. MISSING CLOCK DE- 
TECTED will go active only If the incoming data pattern con- 
tains one suppressed clock bit framed by two adjacent' 
clock bits. The output signal goes high for one cycle of 
READ CLOCK. 
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10. Clock Mu ltiplexer and Deglitcher: When the 
SET PLL LOCK input changes state this circuit switches 
the source of the READ CLOCK signal between the half 2f- 
CLOCK frequency and the half VCO CLOCK frequency. A 
deglitcher circuit is utilized to ensure that no short clock 
periods occur during either switchover. 

BIT-JITTER TOLERANCE 

The three options of the DP8460, the -4, -3 and -2 offer 
decreasing window errors (respectively) so that the parts 
may be selected for different data rates (up to 25Mbit/sec). 
The -4 part will be used in most low data rate applications. 
As an example, at the 5Mbit/sec data rate of most 514 inch 
drives, T = 200ns so that from the Electrical Characteristics 
Table, tyviNDOW = (4 + (1% of 200ns)) or 6ns. The chip 
therefore contributes up to 6ns of window error, out of the 
total allowable error of 50ns (half the 2f-clock period of 
100ns). This allows the disk drive to have a margin of 44ns 
of jitter on the transition position before an error will occur. 


ANALOG CONNECTIONS TO THE DP8460 

External passive components are required for the Pulse 
Gate, Charge Pump, Loop Filter and VCO as shown in Fig- 
ure 5. The information provided here is for guidelines only. 
The user should select values according to his own system 
requirements. Phase-Locked Loops are complex circuits 
that require detailed knowledge of the specific system. Fac- 
tors such as loop gain, stability, response to change of sig- 
nal, lock-on time, etc are all determined by the external 
components. In many disk systems these factors are crit- 
ical, and National Semiconductor recommends the designer 
be knowledgeable of phase-locked-loops, or seek the ad- 
vice of an expert. Inaccurate design will probably result in 
excessive disk error rates. The phase-locked-loop in the 
DP8460 has many advantages over all but the most sophis- 
ticated discrete designs, and if the component values are 
selected correctly, it will offer significant performance ad- 
vantages. This should result in a reduction of disk error 
rates over equivalent discrete designs. 


PG2XPG1 1P63 


Cr«__ RRATi< Ca RbOOST< 


HRset ibset^ 



1 r CPouT 


Clfi Cvco 


Cl ^ C2 1 RVCO 




FIGURE 5. Phase-Locked-Lobp Section 
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Pulse Gate 

There are four external components connected to the Pulse 
Gate as shown in Figure 6 with the associated internal com- 
ponents. The values of RpGi, Rpg2. Cpgi, and CpG 2 are 
dependent on the data rate. RpGi is proportional to the data 
rate, while RpG2. CpGi and CpG 2 are inversely proportional. 
Table I shows component values for the data rates given. 
For other data rates, use the equations RpGi = (TBD x 
fvco) kn, RpG 2 = ((TDB / fvco) " 0-89) kn, CpGi = (TBD / 
Wco) 2 ind CpG 2 = (TBD / fyco) where fvco is the 
VCO frequency in MHz. As an example, at 5Mbits/sec data 
rate, fvco = 10 MHz. This produces RpGi = ... kfl, Rpg 2 = 
... ka, CpGi = ... pF and CpG 2 = .•• pF. Components with 
5% tolerance will suffice. 


Data Rate 

RPG2 

RpGI ' 

CpGI 

CpG2 

2Mbit/sec 

16kn 




5Mbit/sec 

4.7kn 




lOMbit/sec 

1.9kn 




15Mbit/sec 

750n 




20Mbit/sec 

soon 




25Mbit/sec 

0 





TABLE I. Pulse Gate Component Selection Chart 


Charge Pump 

Resistors Rrate and Rboost determine the charge pump 
current. The Charge Pump bidirectional output current is ap- 
proximately (within ±1 0%) twice the in put current. In the 
high tracking rate with SET PLL LOCK high, the input cur- 
rent is Ibset + Irset. ie. the sum of the currents through 
Rboost and Rr ate ti'om Vcc. In the low tracking rate, with 
SET PLL LOCK low, this input current is Irset only. 

A recommended approach would be to select Rrate t'rst. 
The External Component Limits table allows Rrate to be 
1.2kn to 6.5kll, so for simplicity select Rrate = 3.3kn. A 
typical loop gain change of 4:1 for high to low tracking rate 
would require Rboost = Rrate or l.lkn. Referring to 
Figure 7 the input current is effectively Vbe / Rrate 'n the 
low tracking rate, where Vbe 's an internal voltage. This 
means that the current into or out of the loop filter is approx- 
imately 2 Vbe / Rrate. or in this example approximately 
0.4mA. Note that although it would seem the overall gain is 
dependent on Vbe, Ihis is not the case. The loop gain is 
altered internally by an amount inversely proportional to 
Vbe. as detailed in the section on the Loop Filter. This 
means that as Vbe varies with temperature or device 
spread, the gain will remain constant for a particular fixed 
values of Rrate and Rboost- This alleviates the need for 
potentiometers to select values for each device. The toler- 
ance required for these two resistors will depend on the 
total loop gain tolerance allowed, but 5% would be typical. 
Also Vcc by-pass capacitors are required for these two re- 
sistors. A value of lOOOpF is suitable for each. 



TL/F/5182-9 

FIGURE 6. Pulse Gate Controls 
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The value of Rvco 's fixed at 1 kft ±1% in the External 
Component Limits table. This requires a resistor more accu- 
rate than 1 % to allow for temperature variations. Figure 8 
shows how Rvco is connected to the internal components 
of the chip. This value was fixed at 1kn to set the VCO 
operating current such that optimum performance of the 
VCO is obtained for production device spreads. This means 
fixed value components will be adequate to set the VCO 
center frequency for production runs. The value of Cvco 
can therefore be determined from the VCO frequency fyco. 
using the equation: Cvco= 1 / (Rvco) (^VCO) where fvco 'S 
twice the input data rate. As an example, for a 5Mbit/sec 
data rate, fyco = 10Mhz, requiring that Cvco = 100pF. The 


capacitor tolerance also should be better than 1%. The ca- 
pacitor is connected to internal circuitry of the chip as 
shown in Figure 9. 

This equation does not cover the whole range of data rates. 
As the data rate increases and Cvco smaller, the ef- 
fects of unwanted parasitic capacitances Influence the fre- 
quency. As a guide the graph of Figure 10 shows approxi- 
mately the value of Cvco for a given data rate. 

The center frequency may be checked by applying pulses at 
the ENCODED DATA input with READ GATE set high. The 
input frequency should be varied above and below the cho- 
sen center frequency until the VCO stops tracking. Typically 
this will be 20% either side of the center frequency. 


r Cvco 

Cl II C2 


FIGURE 8. VCO Current Setting Resistor 


FIGURE 9. VCO Capacitor 


DATA RATE{Mbits/sec) 


FIGURE 10. VCO Capacitor Value for Disk Data Rates 
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Loop Filter 

The input current into the Buffer Amplifier is offset by a 
matched current out of the Charge Pump, and even so is 
much less than the switching current in or out of the Charge 
Pump. It can therefore be assumed that all the Charge 
Pump switching current goes Into the Loop Filter compo- 
nents Rlfi and Clfi and Clf 2 - The tolerance of these com-- 
ponents should be the same as Rrate and Rboost. and 
will determine the overall loop gain variation. The three 
components connected to the Charge Pump output are 
shown In Figure 11. Note the return current goes to analog 
GND, which should be electrically very close to the GND pin 
itself. 

The value of capacitor Clfi basically determines loop sta- 
bility-the larger the value the longer the loop takes to re- 
spond to an input change. If Clfi ‘s too small, the loop will 
track any jitter on the ENCODED DATA input and the VCO 
output will follow this jitter, which is undesirable. The value 
of Clfi should therefore be large enough so that the PLL is 
fairly immune to phase jitter but not large enough that the 
loop won’t respond to longer term data rate changes that 
occur on the disk drive. 

The damping resistor Rlfi is required to damp any oscilla- 
tion on the VCO input that would othenvise occur due to 
step function changes on the input. A value of Rlfi that 
would give a phase margin of around 45 degrees would be a 
reasonable starting point. 

The main function of the capacitor Clf2 's to integrate the 
effects of the VCO frequency on the VCO input voltage. 
Typically its value will be about one tenth of Clfi- 




Figure 12 shows the relevant phase-locked-loop blocks that 
determine system response, namely the Phase Detector, 
Filter/Buffer Amplifier, and VCO. The Phase Detector 
(Phase Comparator and Charge Pump) produces an aggre- 
gate output current i which is proportional to the phase dif- 
ference between the Input signal and the VCO signal. The 
constant (Ki) Is Vre/^tR amps per radian. R is either Rrate 
or Rrate II Rboost- This aggregate current feeds into or 
out of the filter impedance (Z), producing a voltage to the 
VCO that regulates the VCO frequency. The VCO gain con- 
stant is 0.4 wvco/Vbe radians per second per volt. Under 
steady state conditions, i will be zero and there will be no 
phase difference between the input signal and the VCO. 
Any change of input signal will produce a change in VCO 
frequency that is determined by the loop gain equation. This 
equation is determined from the gain constants K-i, A and 
K 2 and the filter v/i response. 

The impedance Z of the filter is: 


1 

SC2 



1 + sC-iR-i 


C 2 

sCi (1 ^ SC2R1) 


If C 2 < Ci then the impedance Z approximates to; 


1 + sC-| R’^ 
sCi (1 + SC2R1) 

K 1 AK 2 l+sCiRi 

The overall loop gain is then G(s)= x-ttt: tttt: 

S SC-)(1 + SC2R')) 
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The desired Bode plot of gain and phase is shown in Figure 
13, with -20dB/decade slope at wq for stability at unity 
gain. 



If the point of inflexion of the phase curve is at coq, (the loop 
natural frequency and therefore the closed loop bandwidth), 
then it can be shown that for a phase margin (f>, 


C2R1 


1 - sin 4) 

COQ COS(f> 


C1R1 


1 

oTT^sec 

Ci)o^C2Ri 


and Ci 


Ki A K2 1 + coQ^I Rl 

COQ^ 1 + 0t)oC2Rl 


As an example, if we want the PLL to lock-on within two 
bytes of preamble in the high tracking rate mode, and the 
disk data rate is 5Mbits/sec, or one bit every 200ns. 

(Thus fvco = 10MHz) 
time to lock = 16 x 0.2jlls = 3.2jLts 
Closed loop bandwidth fo> (0.3/3.2) MHz or about 
100kHz 

(the factor 0.3 is a rule of thumb guideline derived from the 
product of rise time and bandwidth). 


Select a bandwidth fo = 200kHz so that cuq = 27r x 200kHz 
(giving a ratio of fyco / fo = 50) 

Select a phase margin 4> between 30“ and 70“ for stability. 
Choose (f> = 45“ for optimum response 


Then C2R1 = 


(1 - sin 45“) 

27r X 200 X 103 X cos 45“ 


= 0.33 X 10“® sec 


and C^R^ 


1 

(277x200x103)2x0.33x10-6 


1.92x10-6 sec 


To determine Cl, we need to know Ki, A and K2. 

Vrf 

Ki = —rr amps per radian 
ttR 

In the high tracking rate, R = 1.1k || 3.3k = 825n for our 
example from the Charge Pump calculations 

Vrf 

^°Ki "" ^ amps/radian 

77 X 825 

the Buffer Amplifier gain A is internally set to 4.0 


K2 = 
K2 = 


so Ci 


0.4a)vco .. 

— radians per sec per volt 

Vbe 

0.4 X 277 X 107 

radians per sec per volt 

Vbe 

Vbe 0-4 X 277 X 107 

= EE — X 4.0 X 

77 X 825 Vbe X (27r x 200 x 103)2 


X ■ 


1 + (277 X 200 X 103 X 1.92 x 10-6) 

1 + (277 X 200 X 103 X 0.33 x 10-6) ^ 

The Vbe fhe Ki equation cancels with the Vbe in the K2 
equation provided good matching is maintained on the 
DP8460. 

Thus Ct = 5.923 x 10-8F. Select Ci to be 0.056 jllF 
1.92 X 10-6 

• • Rl = H = 34.28n. Select Ri = 33ft 

’ 56000 X 10-12 ' 

0.33 X 10-6 

. . C2 ^ F = 10-8F = 0.01 jaF. Select C2 = 0.01 jitF 


/ 


10 
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The calculated values are only a guide, the user should then 
empirically test the loop and determine stability, lock-on 
time, jitter tolerance, etc. 

Note that capacitor C 2 affects the amount by which the 
Charge Pump switching current affects the filter voltage. 
Obviously as C 2 is increased in value ripple will decrease, 
but the closer the -40dB/decade slope gets to wq on the 
Bode plot the more unstable the loop will be. Thus if C 2 is 
made too large the loop will oscillate. 

Resistor Ri determines where the low-frequency end 
-40dB/decade slope changes into the -20dB/decade 
slope. The wider the -20dB/decade slope is around unity 
gain, the more stable the loop becomes. If Ri is too large it 
will reduce the impact of Ci, while too small a value will 
increase instability. The capacitor Ci strongly effects the re- 
sponse of the loop. Too high a value will slow down the 
response time, but make it less prone to jitter or frequency 
shift whereas too low a value will improve response time 
while tending to react to jitter. 

Other filter combinations may be used, other than Rlfi in 
series with Clfi, all in parallel with Clf 2- example the 
filter shown in Figure 14 will also perform similarly, and in 
fact for some systems it will yield superior performance. 


DIGITAL CONNECTIONS TO THE DP8460 

Figure 17 shows a connection diagram for the DP8460 in a 
typical application. All logic inputs and outputs are TTL com- 
patible as shown in Figures 15 and 16. The VCO CLOCK 
output Is 74AS compatible and can therefore drive up to 40 
74AS (or 74F) ipputs, or 10 74S Inputs, or 100 74ALS inputs, 
or 50 of 74LS inputs. All other outputs are 74ALS compati- 
ble and so will drive up to 16 74AS Inputs, or 4 74S inputs, or 
40 74ALS inputs or 20 74LS inputs. All inputs are 74ALS 
compatible and therefore can be driven easily from any 74 
series devices. The raw MFM from the pulse detector in the 
drive is connected to the ENCODED DATA Input. The DE- 
LAY DISABLE input determines whether attempting lock-on 
will begin immediately after READ GATE is set or after 2 
bytes. Typically in a hard-sectored drive, READ GATE is set 
active as the sector pulse appears, meaning a new sector is 
about to pass under the head. Normally the preamble pat- 
tern does not begin immediately, because gap bytes from 
the preceding sector usually extend just beyond the sector 
pulse. Allowing 2 bytes to pass after the sector pulse helps 
ensure that the PLL will begin locking on to preamble, and 
will not be chasing non-symmetrical gap bits. Attempting to 
lock-on to a fixed ....1010.... preamble pattern speeds up 
lock-on, and after another two bytes the PLL will nominally 
have locked-on. Thus DELAY DISABLE should be set low 
for this kind of disk drive. 



FIGURE 14. Alternate Loop Filter Configuration 
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FIGURE 15. Logic Inputs 



TL/F/5182-19 

FIGURE 16. Logic Outputs 
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Fbr soft sectored drives, the controller normally will not wait 
for the index pulse before It attempts lock-on, so that READ 
GATE may go active at any time. Chances are the head will 
not be over a preamble field and therefore there Is no need 
to wait 2 bytes before attempting lock-on. DELAY DISABLE 
can therefore be set high. If a non-preamble field Is passing 
by as READ GATE goes active, the DP8460 will not indicate 
lock, and no data decoding will occur nor will MISSING 
CLOCK DETECTED go active. Normally, if lock-on has not 
been achieved after a certain time limit, the controller will 
de-activate READ GATE and then try again. 

For MFM encoded disk drives, t he LOCK DETEC TED out- 
put will be connected back to the SET PLL LOCK input. As 
the PLL achieves lock-on, the DP8460 will automatically 
switch to the slower tracking rate and decoded data will 
appear at the NRZ READ DATA output. Also the READ 
CLOCK output will switch from half the 2f-clock frequency to 
the disk data rate frequency. If a delay is required before the 
changeover occurs, a time delay may be inserted between 
the two pins. 


Some drives have an all-ONES data preamble instead of all- 
ZEROES and the DP8460 must be set to the type being 
used b efore it can properly decode data. The ZEROES/ 
ONES PREAMBLE Input selects which preamble type the 
chip is to lock-on to. 

If the drive uses a run-length-limited (RLL) code such as 
’2, 7’, instead of MFM, the phase-locked-loop function of 
the DP8460 may still be used. Figure 18 shows how the 
DP8460 may be connected to a RLL ENDEC circuit. The 
RLL ENDEC performs encoding of NRZ data to RLL encod- 
ed data, and RLL encoded data back to NRZ data. The RLL 
ENDEC can use the SYNCHRONIZED DATA output of the 
DP8460 along with VCO CLOCK to lock-on to the preamble 
and then decode data. Once lock-on has bee n detected, 
the RLL ENDEC can set the SET PLL LOCK Input of the 
DP8460 low so that the tracking rate can be changed. 



FIGURE 18. DP8460 with Run-Length^Limited (RLL) Codes 
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APPLICATIONS OF THE DP8460 DATA SEPARATOR 

The DP8460 is the first integrated circuit to place on one 
chip a PLL with features that offer the improved speed and 
reliability required by the disk industry. Not only does the 
chip simplify disk system design, but also provides fast lock- 
on to the incoming preamble. Once locked on, the loop is 
set into a more stable mode. This inherent loop stability 
allows for a sizeable amount of jitter on the data stream, 
such as is encountered in many disk systems. Once in the 
stable tracking rate, the SYNCHRONIZED DATA output rep- 
resents the incoming ENCODED DATA and is synchronous 
with VCO CLOCK. If the disk is MFM encoded, then the chip 
can decode the synchronized data into NRZ READ DATA 
and READ CLOCK. These are available as outputs from the 
chip allowing the NRZ READ DATA to be deserialized usirig 
the READ CLOCK. 

The DP8460 is capable of operating at up to 25Mbits/sec 
data rates and so Is compatible with a wide assortment of 
disk drives. The faster data rates of the 8-inch and 14-inch 
disk drives will mandate the selection of either the 


DP8460-3 or -2 parts with their narrower window margins 
on the incoming data stream. This will also be the case 
when 5V4-inch drives achieve higher data rates. Some 8- 
inch and 14-inch disk drives incorporate the functions of the 
DP8460, but use many discrete ICs. In these cases, replac- 
ing these components with the DP8460 will offer reduced 
P.C. board area, lower cost, and improved performance 
while simplifying circuit testing. 

Most 5%-inch and many 8-inch and 14-inch disk drives 
manufactured at present do not incorporate any of the func- 
tions of the DP8460. This is so primarily because the PLL 
function is difficult to design and implement, and requires 
circuitry which covers a large area of the printed circuit card. 
This is undesirable both from the drive size aspect and from 
the cost aspect (the cost includes soldering, testing, and 
adjusting the components). Consequently, most smaller 
disk drives output MFM encoded data so that the phase- 
locked-loop and data separation have to be performed by 
the controller. The DP8460 will therefore replace these 
functions in controller designs, as shown in Figure 19. 


r 



j 

TL/F/51 82-22 


FIGURE 19. DP8460 in the Controller 
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System design criteria may now change because the 
DP8460 is a one-chip solution, requiring only a few external 
passive components with fixed values. It operates from a 
+5V supply, consumes about 0.5W, and Is housed in a nar- 
row 24-pin package. The circuitry has been designed so that 
the external resistors and capacitors need not be adjusta- 
ble; the user chooses the values according to the disk drive 
requirements. Once selected, they will be fixed for that par- 
ticular drive type. These features make it possible to trans- 
fer these functions to the disk drive, as shown In Figure 20. 
Apart from a slight Increase in board area, the advantages 
outweigh the disadvantages. First, the components select- 
ed are fixed for each type of drive and this facilitates the 
problem of interchangeability of drives. At present, control- 
lers are adjusted to function with each specific drive; with 
the DP8460 in the drive, component adjustment will no long- 
er be required. Second there is often a problem of reliability 
of data transfer. Because the MFM data is clock encoded, 
this signal is susceptible to noise, bit shift, etc. Soft errors 
will sometimes occur when the incoming disk data bit posi- 


tion is outside the Pulse Gate window as it is being synchro- 
nized to the VCO clock in the phase-locked-loop. Obviously, 
the nearer the PLL is to the MFM source, the less chance 
there Is that errors will occur. Thus placing the DP8460 in 
the drive will increase the reliability of data transfer within 
the sysem. 

A third advantage Is data rate upgrading. Most 5y4-lnch 
drives have 5Mbit/sec data rate because the early drives 
were made with this data rate. This meant the controllers 
had to be designed with PLLs which operate at this data 
rate. It Is therefore difficult for drive manufacturers to Intro- 
duce new drives that are not compatible with existing con- 
trollers. Since no new standard data rate has emerged, they 
must continue to produce drives at this data rate to be com- 
patible with the controllers on the market. With the DP8460 
in the drive, arid Its associated components set for the 
drive’s data rate, it no longer becomes a problem to In- 
crease the data rate, assuming the controllers digital circuit- 
ry can accommodate the change. This will allow the manu- 
facturers to Increase the bit density and therefore the ca- 
pacity of their drives. 


PASSIVE COMPONENTS 
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FIGURE 20. DP8460 in the Disk Drive 
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DP8464 Disk Pulse Detector 

General Description 

The DP8464 disk pulse detector utilizes analog and digital 
circuitry to detect amplitude peaks of the signal received 
from the read/write amplifier fitted in the heads of disk 
drives. The DP8464 produces a TTL compatible output 
which, on the positive edge, indicates a signal peak. Elec- 
trically, these peaks correspond to 1s or flux reversals on 
the magnetic medium. The signal received when reading a 
disk is therefore a series of pulses which alternate in 
polarity. The disk pulse detector must accurately deter- 
mine the time positions of these peaks. This task is com- 
plicated by variable pulse amplitudes depending on the 
media type, head position, head type, and read/write 
amplifier circuit gain. Additionally, as the bit density on 
the disk increases the amplitude decreases and signifi- 
cant bit interaction occurs resulting in pulse distortion. 

The graph below shows how pulse amplitude varies with 
the number of bits per inch (or recording density). The pre- 
dominant disk applications are associated with the first 
two regions on the graph, regions 1 and 2. Typical 
waveforms received by the pulse detector for regions 1 
and 2 operation are shown next to the graph. A region 1 
signal is characterized by the waveform returning to the 
baseline between pulses. A region 2 waveform will go from 
a tendency to return to the baseline (called shouldering) to 
almost sinusoidal at the higher frequencies. 


Disk Support 

PRELIMINARY 


The disk pulse detector is fabricated using the advanced 
Schottky process, and has been designed to function with 
data rates up to 25 megabits/second. The DP8464 is housed 
in a standard narrow 24-pin package. Normally, it will be 
fitted In the disk drive, and its output may be directly con- 
nected to the DP8460 data separator. 

Features 

■ Connects directly with the disk head read/write 
amplifier 

■ Wide input signal amplitude range— from 20 mVpp to 
600 mVpp differential 

■ Data rates up to 25 Mbits/sec 

■ On-chip wideband differential AGC amplifier, differen- 
tiator, comparator gating circuitry, output pulse 
generator 

■ Adjustable comparator threshold 

■ Selectable attack and differentiator capacitors 

■ Inputs and outputs TTL compatible 

■ Output may connect directly to the DP8460 data 
separator 

■ Standard narrow 24-pin dual-in-line package 

■ Standard supply: 12V ± 10% 



FUTURE DISK DRIVE ELECTRONICS' 



I I 

Pulse Amplitude vs Bit Density with Typical Waveforms 
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Functional Description 

DETECTOR OPERATION 

Region 1 is the high resolution area characterized by a 
large spread between flux reversals and a definite return 
to baseline (no signal) between these peaks. Pulses of this 
type are predominantly found in systems which use thin 
film heads, plated media and systems which utilize run- 
length-limited coding techniques (like the 2,7 code) which 
spread the distance between flux reversals. 

The main circuit blocks of the DP8464 are shown In Figure 1. 
The output from the read/write amplifier Is fed directly to 
the amplifier input of the DP8464. This amplifier Is a high 
bandwidth amplifier with automatic gain control (AGC). 
The amplifier’s output voltage is fed back via an external 
filter to an internal fullwave rectifier and compared 
against the external voltage on the Vref Pin. The AGC cir- 
cuit adjusts the gain of the amplifier to make the peak to 
peak differential analog output four times the voltage on 
Vref- The circuit is designed for a Vref of IV which pro- 
duces constant 4V peak to peak differential output for dif- 
ferential input signals ranging from 20 mVpp to 300 mVpp. 

The peak detection is performed by feeding the output of 
the wideband amplifier through an external filter to the dif- 
ferentiator. The differentiator output changes state when 
the input pulse changes direction, generally this will be at 
the peaks. However, if the signal exhibits shouldering (the 
tendency to return to the baseline) as seen in region 1 and 
the upper part of region 2, the differentiator will also re- 
spond to noise near the baseline. To avoid this, the signal 
is also fed to a comparator which is used to define a level 
around the baseline. Data detection is prevented when the 
input is less than this level. The threshold for this compar- 
ator is externally set via the SET THRESHOLD pin. The 
comparator output feeds the hold input of the differen- 
tiator. The output of the differentiator then drives the bi- 
directional one-shot. A 4 Vpp differential output voltage 
will produce a 1V fullwave rectified signal at the input of 
the comparator. Therefore, If the voltage on the SET 
THRESHOLD pin is 0.3V, the input must be larger than 
± 300 mV before the differentiator Is allowed to trigger the 
one-shot. This comparator circuit thus acts as a gating 
channel to prevent any noise near the baseline from con- 


taminating the data. The diff output, encoded data, and 
comp out are all standard TTL outputs. The pulse width of 
the encoded data can be adjusted from 20 ns to 200 ns via 
the set pulse width. 

The timing of the gating channel with respect to the dif- 
ferentiator output is critical. If the delay through the com- 
parator is longer than the delay through the differentiator, 
then the window is not centered around the peak of the 
waveform and the circuit will not perform optimally. The 
correct operation is to have the differentiator output 
switch in the middle of the comparator output waveform. 
Often, to make the differentiator less sensitive to high fre- 
quency noise, an RLC filter will be used in place of the dif- 
ferentiator capacitor. This will increase the delay time 
through the differentiator. To cancel out the effect of this 
delay, an external delay can be inserted between comp out 
and diff hold. 

Offset of the differentiator is critical to the performance of 
the circuit. Offset will cause “pulse pairing’’ which simply 
means that every other pulse is delayed. This happens 
because a positive offset will delay all the positive pulses. 
This obviously will ruin the encoded data. The DP8464 pro- 
vides two Cqffset pins for an external capacitor. This 
capacitor will bandlimit the differential signal going into 
offset adjust circuitry In the differentiator. In this way, the 
differentiator is actively corrected to eliminate the initial 
offset and drift with temperature and time. 

The wideband amplifier output is provided to allow the use 
of external filters to the differentiator and to the AGC cir- 
cuit. The filter to the differentiator enables the user to limit 
the bandwidth for noise considerations. The filter to the 
AGC circuit allows the user to insert a lead network to pre- 
vent the AGC amplifier from responding to frequency in- 
duced amplitude changes. 

The DP8464 has a READ/WRITE control pin which is used 
to minimize the effect on the AGC amplifier of a write-to- 
read transition. This allows a reduction in the size of the 
track gap on disk. This pin may be connected to the WRITE 
GATE output of the DP8466 disk data controller. 
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Functional Description (Continued) 



WIDTH 


TL/F/5283-3 

FIGURE 1. Pulse Detector Block Diagram 
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National 
Semiconductor 

DP8466 Disk Data Controller 

General Description 

The disk data controller (DDC) performs many of the func- 
tions in the data path eiectronics of either disk controllers 
or intelligent disk drives. It interfaces between serial data 
on the disk side and the memory/microprocessor bus on 
the system side. The primary function of the chip is to cor- 
rectiy identify the selected sector on disk and then trans- 
fer the sector’s data to or from memory, utiiizing a 32-byte 
(16-word) FIFO buffer with optional DMA control. The 
48-pin chip is fabricated using the M^CMOS™ prpcess, 
which ailows compiex functions to be implemented with 
high operating speeds and modest power consumption. 
Internal gate delays of 2 ns allow the DDC to function with 
data rates over 24 Mbits/sec, enabling it to be used with all 
sizes of Winchester and floppy disk drives. 

The disk side of the DDC interfaces directly with drives 
compatible with the ESDI, SMD or ANSI X3.101 interfaces. 
If the DDC is part of a controller that interfaces directly to 
the ST506 (floppy extension interface), then the DP8460 
data separator may be used and its signals will connect 
directly to the DDC. The DDC may be part of an intelligent 
disk drive that has SCSI (SASI) or IPI or ISI compatible 
interfaces. 


Disk Support 

PRELIMINARY 


Features 

■ Useable with Winchester, floppy, optical and vertically 
recorded drives 

■ Disk data rates up to 24 Mbits/sec 

M Meets requirements of all standard disk drive 
interfaces 

■ User programmable format 

■ Compatible with all disk drive sizes, fixed or removable 

■ Compatible with hard and soft sectored drives 

■ Single or multiple sector operation 

■ Independent header and data operations 

■ Internal CRC or ECC, or external ECC, for header and 
data 

■ Internal ECC has programmable polynomial and 
correction span 

■ Configurable for disk formatting 

■ System side interfaces to memory and microprocessor 

■ Easily controlled by popular 8-bit or 16-bit 
microprocessors 

■ 8 or 16-bit wide memory transfers 

■ Internal data buffering with 32-byte FIFO 

■ Single channel 32-bit or dual channel 16-bit DMA 
controller 

■ Powerful data path diagnostics 

■ Low power consumption at lower data rates and 
standby 

■ Single -f5V power supply 

■ Standard 48-pin DIP 



Block Diagram 

SYSTEM INTERFACE 
OR INTELLIGENT DRIVE 

FLOPPY EXTENSION SMD OR ANSI X3.101 INTERFACE 



TL/F/5282-1 


M^CMOS^^ is a trademark of National Semiconductor Corp. 
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The system side of the DDC may interface directly to the 
main system bus, or the local bus of a larger system. The 
DDC has a 16-bit I/O bus and associated microproc- 
essor/DMA handshake signals. The I/O bus is used both 
for disk data transfers to or from memory (user-selectable 
for 8 or 16 data bits) and for microprocessor access. The 
microprocessor may have a multiplexed or separate ad- 
dress and data bus. The DDC has two DMA channels avail- 
able for memory transfer operations. In a typical low-end 
i system the DDC connects directly to the main system bus, 
and only one DMA channel is required to output memory 
addresses. The on-chip DMA issues the address on the I/O 
bus, followed by the data to be transferred between the 
DDC and memory. The DDC has variable burst transfer 
length capability that allows microprocessor usage of the 
bus during transfer operations. The DDC supports a sec- 
ond mode of DMA capability which is ideal for intelligent 
disk drives or higher-end systems that use a buffer mem- 
ory. One DMA channel controls disk-memory transfers, 
and the second controls memory-system transfers. 

To be compatible with the differing needs of these disk 
drives, the DDC has been configured so that the format 


and mode of operation are user programmable. The user 
selects the length and pattern of the preamble, address 
mark (if required), synch, postamble, and gap of both the 
ID and data segments of the sector. At system initializa- 
tion, the microprocessor loads these parameters into the 
parameter RAM of the DDC. For normal transactions such 
as reading from or writing to the disk, the desired ID bytes 
must first be loaded into the DDC, followed by the disk 
drive command. The DDC can also be configured to format 
disks. 

Extensive diagnostic and interrogation features are pro- 
vided on-chip. CRC or ECC calculations are performed on 
both the ID and data segments that pass through the DDC. 
The ECC code may be an internally generated 32-bit fully 
programmable ECC code or up to 15 bytes of externally 
generated ECC code. The DDC contains status and error 
registers that can be accessed by the microprocessor. 

Control functions not in the data path electronics have 
been omitted to allow for versatility in interfacing to dif- 
ferent drive requirements. The drive control signals may 
be provided by either a dedicated microcontroller or a 
microprocessor I/O port. 


DDC Connection Diagram (48 pins) 


DISK 

INTERFACE 


BUS 

INTERFACE 
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DS8907 
DS8908 
DS8614 
DS8615 
DS8616 
DS8617 
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Synthesis 


DESCRIPTION 


AM/FM Digital Phase-Locked Loop Frequency Synthesizer 

AM/FM Digital Phase-Locked Loop Frequency Synthesizer 

AM/FM Digital Phase-Locked Loop Frequency Synthesizer 

130/225 MHz Low Power Dual Modulus Prescalers 

130/225 MHz Low Power Dual Modulus Prescalers 

130/225 MHz Low Power Dual Modulus Prescalers 

130/225 MHz Low Power Dual Modulus Prescalers 

120 MHz Divide-by-40 Prescaler 

120 MHz Divide-by-100 Prescaler 

130/225 MHz Low Power Prescalers 

130/225 MHz Low Power Prescalers 

275 MHz/1.2 GHz VHF/UHF Prescaler 

500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler 

Digital PLL Synthesis 
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Frequency Synthesizers Selection Guide 


Product Type | Frequency Bands 
PLL FREQUENCY SYNTHESIZERS 

DS8906 AM/FM 

DS8907 AM/FM 

DS8908 AM/FM 

AN-335 Digital 
PLL Synthesis 


Power (mA) | Tuning Resolution 

160 500 Hz/12.5 kHz 

160 10kHz/25kHz 

160 1 kHz, 9 kHz, 10 kHz, 20 kHz 


Page No. 


Product Type 


Divide Modulus 


Power (mA) 


HIGH FREQUENCY PRESCALERS 


Page No. 


Single (Fixed) Modulus Dividers 

DS8626 

-40 

125 

120 MHz 

11-27 

DS8627 

-24 

7/10 

130/225 MHz 

11-30 

DS8628 

-20 

7/10 

130/225 MHz 

11-30 

DS8629 

-HlOO 

135 

120 MHz 

11-27 

DS8621 

-64, -^256 

32 

275 MHz, 1.2 GHz 

11-33 

Dual-Modulus Dividers 

DS8614 

20/21 

7/10 

130/225 MHz 

11-23 

DS8615 

32/33 

7/10 

130/225 MHz 

11-23 

DS8616 

40/41 

7/10 

130/225 MHz 

11-23 

DS8617 

64/65 

7/10 

130/225 MHz 

11-23 

DS8622 

126/128, -^252/256 

32 

550 MHz, 1.2 GHz 
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DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 


General Description 

The DS8906 is a PLL synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, a 
120 MHz ECL/I^L dual modulus programmable divider, 
and a 20-bit shift register/latch for serial data entry. 
The device Is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the PLL operates 
at 4 MHz. A chain of dividers is used to generate a 
500 kHz clock signal for the external controller. Ad- 
ditional dividers generate a 12.5 kHz reference signal 
for FM and a 500 Hz reference signal for AM/SW. 
One of these reference signals is selected by the data 
from the controller for use by the phase comparator. 
Additional dividers are used to generate a 50 Hz timing 
signal used by the controller for "time-of-day". 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present in the shift register 
is latched. 

From the controller 22-bit data stream, the first 2 
bits address the device permitting other devices to share 
the same bus. Of the remaining 20-bit data word, 
the next 14-bits are used for the PLL divide code. The 
remaining 6 bits are connected via latches to output 
pins. These 6 bits can be used to drive radio functions 
such as gain, mute, FM, AM, LW and SW only. These 
outputs are open collector. Bit 18 is used internally 
to select the AM or FM local oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A 
high level at bit 18 indicates FM and a low level in- 
dicates AM. 

The PLL consists of a 14-bit programmable I^L div- 
ider, an ECL phase comparator, an ECL dual modulus 
(p/p + 1) prescaler, and a high speed charge pump. 
The programmable divider divides by (N+1), N being 
the number loaded into the shift register (bits 1—14 
after address). It is clocked by the AM input via an 
ECL -r 7/8 prescaler, or through a ^ 63/64 prescaler 
from the FM input. The AM input will work at fre- 
quencies up to 8 MHz, while the FM input works up 
to 120 MHz. The AM band is tuned with a frequency 
resolution of 500 Hz and the FM band is tuned with 
a resolution of 12.5 kHz. The buffered AM and FM 
inputs are self-biased and can be driven directly by the 
VCO thru a capacitor. The ECL phase comparator pro- 
duces very accurate resolution of the phase difference 
between the input signal and the reference oscillator. 


The high speed charge pump consists of a switchable 
constant current source (-0.3 mA) and a switchable 
constant current sink (+0,3 mA). If the VCO frequency 
is low, the charge pump will source current, and sink 
current If the VCO frequency is high, 

A separate VqcM (typically drawing 1.5 mA) powers 
the oscillator and reference chain to provide controller 
clocking frequencies when the balance of the PLL is 
powered down. 


Features 

■ Uses inexpensive 4 MHz reference crystal 

■ Fn\j capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

■ FM resolution of 12.5 kHz allows usage of 10.7 
MHz ceramic filter distribution. 

■ Serial data entry for simplified control. 

■ 50 Hz output for "time-of-day" reference with 
separate low power supply (Vccm)- 

■ 6-open collector buffered outputs for band switching 
and other radio functions. 

■ Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis. 


Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Order Number DS8906N 
See NS Package N20A 
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Absolute Maximum Ratings (Noten Operating Conditions 

MIN 

Supply Voltage Supply Voltage, Vqc 

(Vcci) 7V VcCI 4.75 

(VcCM) 7V Vccm 4.5 

Input Voltage 7V Temperature, 0 

Output Voltage 7V 

Storage Temperature Range — 65°C to 4-150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

MAX 

5.25 

6.0 

70 

UNITS 

V 

V 
°C 

1 PARAMETER | 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

Logical “1" Input Voltage 


2.1 



V 

l|H 

Logical ”1" Input Current 

V|N = Vcci 


0 

10 

IdA 

V|L 

Logical "0" Input Voltage 





V 

l|L 

Logical "0” Input Current 

Data, Clock, and ENABLE Inputs, V||\| = OV 


-5 

-25 

mA 

lOH 

Logical "1" Output Current 








All Bit Outputs, 50 Hz Output 

VoH = 5.25V 




50 

juA 


500 kHz Output 

VoH = 2.4V, Vccm = 4.5V 



-250 

fxA 

VOL 

Logical "0” Output Voltage 








All Bit Outputs 

Iql " 5 mA 





V 

1 50 Hz Output, 500 kHz Output | 

Iql 250 nA 


mil 


V 

icci 

Supply Current (Vcci) 

All Bit Outputs High 


90 

160 

mA 

•cCMiSTANDBY) ^CCM Supply Current 



1.5 

4.0 

mA 

'OUT 

Charge Pump Output Current 




BESil 

-0.6 

mA 



Vccm ^e.ov 


■bbi 

BBli 

0.6 

mA 


- 





±100 

nA 

'CCM(OPERATE) VqCM Supply Current 

Vccm = 6.0V, Vcci = 5.25V, 


HI 

n 

6.0 

mA 

1 



All Other Pins Open 



■i 



I TRI-STATE® is a registered trademark of National Semiconductor Corp. 






AC Electrical Characteristics vcc = 5v,ta = 25°c,tr< 10 ns, tf< 10 ns 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(MIN)(F) 

F||\| Minimum Signal Input 

AM and FM Inputs, 0°C < Ta < 70°C 


20 

100 

mV (rms) 

V|N(MAX)(F) 

Fjfvj Maximum Signal Input 

AM and FM Inputs. 0°C < Ta < 70°C 

1000 

1500 


mV (rms) 

f'OPERATE 

Operating Frequency Range 

V|[\| = 100 mV rms 

AM 

0.4 


8 

MHz 


(Sine Wave Input) 

0°C < Ta < 70°C 

FM 

60 


120 

MHz 

R|N (fm) 

AC Input Resistance, FM 

120 MHz, V|N = 100 mV rms 

300 



n 

R|N (AM) 

AC Input Resistance, AM 

2 MHz. V|N = 100 mV rms 

1000 



a 

C|N 

Input Capacitance, FM and AM 

V|N = 120 MHz 

3 

6 

10 

PF 

tEN1 

Minimum ENABLE High 




625 

1250 

ns 


Pulse Width 







t^O 

Minimum ENABLE Low 




375 

750 

ns 


Pulse Width 







tCLKENO 

Minimum Time Before ENABLE 




-50 

0 

ns 


Goes Low that CLOCK Must 








be Low 







tENOCLK 

Minimum Time After ENABLE 




275 

550 

ns 


Goes Low that CLOCK Must 








Remain Low 







tCLKENl 

Minimum Time Before ENABLE 




300 

600 

ns 


Goes High that Last Positive 








CLOCK Edge May Occur 







tENlCLK 

Minimum Time After ENABLE 




175 

350 

ns 


Goes High Before an Unused 








Positive CLOCK Edge May Occur 
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AC Electrical Characteristics (continued) vcc=5v,TA = 25°c,tr<ions,tf<ions 


PARAMETER 

CONDITIONS 

I MIN I 

tVp 

MAX 

UNITS 

tCLKH Minimum CLOCK High 

Pulse Width 


■ 

275 

550 


fCLKL Minimum CLOCK Low 

Pulse Width 


■ 

400 

800 


tps Minimum DATA Setup Time, 

Minimum Time Before CLOCK 

that DATA Must be Valid 


■ 

150 

300 

ns 

tDH Minimum DATA Hold Time, 

Minimum Time After CLOCK 

that DATA Must Remain Valid 


■ 

400 

800 

i 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0®C to +70°C temperature range for the DS8906. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Schematic Diagrams (ossgoe AM/FM PLL Typical Input/Output schematics) 

7 DIODE RAIL 



Vcci Vcci 




VCCM 
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Timing Diagrams* 

ENABLE vs CLOCK 



AM/FM Frequency Synthesizer (Scan Mode) 


ENABLE 


M — a_j — a,,.,....,. Q_r^ 


PLL ADDRESS 
1 , 1 


NEGATI VE TRANSITIDN DN 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


DATA BITS 

BITS 1-14, N CODE USB FIRST) 
BITS 15-20, OUTPUT BITS 


POSITIV E TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLL IS ADORESSED. 


Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8906 

Serial information en try into t he DS8906 is enabled by 
a low level on the ENABLE input. One binary bit is 
then accepted from the DATA input with each positive 
transition of the CLOCK input. The CLOCK input 
must be low for the specified tim e precedin g and fol- 
lowing the negative transition of the ENABLE input. 

The first 2 bits accep ted followihg the negative tran- 
sition of the ENABLE input are interpreted as address. 
If these address bits are not 1,1, /7o further information 
will be accepted from the DATA inputs , and the internal 
data latches will not be changed when ENABLE returns 
high. 

If these first 2 bits are 1,1, then all succeeding bits are 
accepted as data, and are shif ted succe ssively into the 
internal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be 
shifted out, and are thus irrelevant. Data bits are 
counted as any bits following 2 valid (1,1) address 
bits with the ENABLE low. 


When the ENABLE input returns high, any further 
serial data in put is inh ibited. Upon this positive tran- 
sition of the ENABLE, the data in the internal shift 
register Is transferred into the internal data latches. 


Note that until this time, the states of the internal 
data latches have remained unchanged. 

These data bits are Interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 


Last 

Bit 

20 

Output (Pin 

2) 

2nd to Last 

Bit 

19 

Output (Pin 

1) 

3rd to Last 

Bit 

18 

Output (FM/AM) (Pin 20) 

4th to Last 

Bit 

17 

Output (Pin 

19) 

5th to Last 

Bit 

16 

Output (Pin 

18) 

6th to Last 

Bit 

15 

Out 

put (Pin 

17) 

7th to Last 

MSB of N 

{213) 


8th to Last 




(212) 


9th to Last 




(2”) 


10th to Last 




(2l0) 


1 1th to Last 




(29) 


1 2th to Last 




( 28 ) 


13th to Last 




(22) 

► -^-N 

14th to Last 




(2®) 

1 5th to Last 




(25) 


1 6th to Last 




(2^) 


17th to Last 




(23) 


1 8th to Last 




(22) 


1 9th to Last 




(2l) 


20th to Last 

LSB of N 

(2°) J 



Note. The actual divide code is N-H, i.e., the number loaded 
plus 1 . 
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DS8906 


Typical Application Additional application notes are located at the back of section 11. 

Electronically Tuned Radio Controller System; Direct Drive LED 



B+ TO RADIO 
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Logic Diagram 

AM/FM PLL Synthesizer 


CHARGE 

PUMP 

OUT 



* Sections operating from Vqq]^ supply 
Address (1,1) 
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DS8907 


^ National 
Sim Semiconductor 

DS8907 AM/FM Digital 

Phase-Locked Loop Frequency Synthesizer 


Frequency Synthesis 


General Description 

The DS8907 is a PLL synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, a 120 
MHz ECL/I^L dual modulus programmable divider, 
and an 18-bit shift register/latch for serial data entry. 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the PLL operates 
at 4 MHz. A chain of dividers is used to generate 
a 500 kHz clock signal for the external controller. 
Additional dividers generate a 25 kHz reference signal 
for FM and a 10 kHz reference signal for AM. One 
of these reference signals is selected by the data from the 
controller for use by the phase comparator. 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line Is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present in the shift register 
Is latched. 

From the controller 20-blt data stream, the first 2 
bits address the device permitting other devices to 
share the same bus. Of the remaining 18-bit data word, 
the next 13 bits are used for the PLL divide code. 
The remaining 5 bits are connected via latches to output 
pins. These 5 bits can be used to drive radio functions 
such as gain, mute, FM, AM and stereo only. These 
outputs are open collector. Bit 16 is used Internally 
to select the AM or FM local oscillator input and to 
select between the 10 kHz and' 25 kHz reference. A 
high level at bit 16 Indicates FM and a low level in- 
dicates AM. 

The PLL consists of a 13-bit programmable .I^L div- 
ider, an ECL phase comparator, an ECL dual modulus 
(p/p-t-1) prescaler, and a high speed charge pump. The 
programmable divider divides by (N-M), N being the 
number loaded into the shift register (bits 1—13 after 
address). It is clocked by the AM input via an ECL 
-r 7/8 prescaler, or through a -r 63/64 prescaler from 
the FM input. The AM Input will work at frequencies 
up to 15 MHz, while the FM input works up to 120 
MHz. The AM band Is tuned with a frequency resolution 
of 10 kHz and the FM band is tuned with a resolution 
of 25 kHz. The buffered AM and FM inputs are self 
biased and can be driven directly by the VCO through 
a capacitor. The ECL phase comparator produces very 
accurate resolution of the phase difference between the 
Input signal and the reference oscillator. The high 
speed charge pump consists of a switchable constant 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


current source (—0.3 mA) and a switchable constant 
current sink (+0.3 mA). If the VCO frequency is low, 
the charge pump will source current, and sink current if 
the VCO frequency is high. When using an AFC the 
charge pump output may be forced into TRI-STATE® 
by applying a low level to the charge pump enable input. 

A separate VqcM (typically drawing 1.5 mA) 
powers the oscillator and reference chain to provide 
controller clocking frequencies when the balance of 
the PLL is powered down. 

Features 

■ Uses inexpensive 4 MHz reference crystal 

■ F)|\j capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

■ FM resolution of 25 kHz allows usage of 10.7 MHz 
ceramic filter distribution 

■ Serial data entry for simplified control 

■ 50 Hz output for "'time-of-day" reference driven 
from separate low power VqcM 

■ 5-open collector buffered outputs for controlling 
various radio functions 

■ Separate AM and FM Inputs. AM Input has 15 mV 
(typical) hysteresis 

Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Order Number DS8907N 
See NS Package N20A 
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Absolute Maximum Ratings (Note d Operating Conditions 

MIN MAX UNITS 

Supply Voltage ' Supply Voltage, 

(Vcci) 7V Vcci 4.75 5.25 V 

(VcCM) 7V Vccm 4.5 6.0 V 

Input Voltage 7V Temperature, T/^ 0 70 °C 

Output Voltage 7V 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3 ) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 


2.1 



V 

l|H Logical "1" Input Current 

V|n = 2.7V 


0 

10 

AiA 

V|L Logical "0" Input Voltage 




0.7 

V 

l|L Logical "0" Input Current 

Data, Clock, and ENABLE Inputs, V||\j = OV 


-5 

-25 

/iA 

l|L Logical “0" Input Current 

Charge Pump Enable, V|n = OV 


-250 

-450 

/iA 

Iqh Logical "1” Output Current 

All Bit Outputs, 50 Hz Output 

VoH = 5.25V 



50 

luA 

500 kHz Output 

voh = 2.4v, Vccm = 4.5V 



-250 

mA 

Vql Logical "0" Output Voltage 

All Bit Outputs 

Iql = 5 mA 



0.5 

V 

50 Hz Output, 500 kHz Output 

Iql ~ 250 juA 



0.5 

V 

ICCI Supply Current (VcCI ) 

All Bit Outputs High 


90 

160 

mA 

•CCM(STANDBY) ^CCM Supply Current 

Vccm ” 6.0V, AII other Pins Open 


1.5 

4.0 

mA 

IquT Charge Pump Output Current 

1.2V< VouT<VcCM-1-2V 
Vccm < 6.0V 

Pump Up 

-0.10 

-0.30 

-0.6 

mA 

Pump Down 

0.10 

0.30 

0.6 

mA 

TRI-STATE® 


0 

±100 

nA 

'CCM(OPERATE) VqcM Supply Current 

Vccm = 6.0V, Vcci = 5.25V, 

All Other Pins Open 


2.5 

6.0 

mA 

AC Electrical Characteristics vcc = 5v, ta = 25“c, < 10 ns, tf < 10 ns 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^IN(MIN)(F) F||\| Minimum Signal Input 

AM and FM Inputs, 0°C < Ta < 70°C 


20 

100 

mV (rms) 

'^IN{MAX)(F) F|N Maximum Signal Input 

AM and FM Inputs, 0°C < Ta < 70°C 

1000 

1500 


mV (rms) 

FoperatE Operating Frequency Range 

(Sine Wave Input) 

V||\i = 100 mV rms 
0 °C<Ta<70°C 

AM 

0.4 


8 

MHz 

FM 

60 


120 

MHz 

R|N (FM) AC Input Resistance, FM 

120 MHz, ViN = 100 mV rms 

300 



12 

R||\l (AM) AC Input Resistance, AM 

2 MHz, V|N = 100 mV rms 

1000 



n 

C|N Input Capacitance, FM and AM 

V|n = 120MHz 

3 

6 

10 

PF 

tENI Minimum ENABLE High 

Pulse Width 



625 

1250 

ns 

tENO Minimum ENABLE Low 

Pulse Width 



375 

750 

ns 

tCLK^O Minimum Time Before ENABLE 

Goes Low that CLOCK Must 

be Low 



-50 

0 

ns 

■^ENOCLK Minimum Time After ENABLE 

Goes Low that CLOCK Must 

Remain Low 



275 

550 

ns 

tCLKENI Minimum Time Before ENABLE 

Goes High that Last Positive 

CLOCK Edge May Occur 



300 

600 

ns 
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AC ElGCtriCdl ChdrGCtGriStlCS (continued) Vcc 5V, Ta = 25°C, tr < 1 0 ns, tf < 1 0 ns 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tENICLK Minimum Time After ENABLE 

Goes High Before an Unused 

Positive CLOCK Edge May Occur 



175 

350 

ns 

tCLKH Minimum CLOCK High 

Pulse Width 



275 

550 

ns 

tCLKL Minimum CLOCK Low 

Pulse Width 



400 

800 

ns 

tDS Minimum DATA Setup Time, 

Minimum Time Before CLOCK 

that DATA Must be Valid 



150 

300 

ns 

tOH Minimum DATA Hold Time, 

Minimum Time After CLOCK 

that DATA Must Remain Valid 



400 

800 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40°C to +85°C temperature range for the DS8907. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Schematic Diagrams (DS8907 AM/FM PLL Typical InpuVOutput schematics) 


Vcci Vcci 



VCCM 



Vcci Vcci 



7 DIODE RAIL 

VCCM FROM VccM 



Vcci Vcci 
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Timing Diagrams' 


ENABLE vs CLOCK 



1 


‘blMU 


^1.5V ^ 

^ • 

/ 

IPWOCLK- 

^ |-^1CLKL--^‘CLKH-^ 

'CLKEHl-j- — ^ 


CLOCK vs DATA 



e 



-■ *DS — H 






■■*DH 




AM/FM Frequency Synthesizer (Scan Mode) 


t t I f t ♦ 

111 2 3 4 5 


PLL ADDRESS 
1,1 


( ^ I I I 


DATA BITS 

BITS 1-13, ^ N CDDE (LSB FIRST) 
BITS 14-18, OUTPUT BITS 


NEGATIV E TRANSITIDN ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


POSITIV E TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLL IS ADDRESSED. 


Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8907 

Serial information entry into the DS8907 is enabled 
by a low level on the ENABLE input. One binary 
bit is then accepted from the DATA input with each 
positive transition of the CLOCK input. The CLOCK 
input must be low for the specified time preceding 
and following the negative transition of the ENABLE 
input. 

The first two bits acce pted following the negative tran- 
sition of the ENABLE input are interpreted as address. 
If these address bits are not no further information 
will be accepted from the DATA inputs, an d the inte rnal 
data latches will not be changed when ENABLE re- 
turns high. 

If these first two bits are 1,1, then all succeeding 
bits are accepted as data, and are shifted su ccessively 
into the internal shift register as long as ENABLE 
remains low. 

Any data bits preceding the 18th to last bit will be 
shifted out, and thus are irrelevant. Data bits are 
counted as any bits following two valid address bits 
(1,1) with the ENABLE low. When the ENABLE 
input returns high, any further serial data entry is 
inhibited. Upon this positive transition, the data in 


the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of 
the internal data latches have remained unchanged. 


These data bits are interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 
Last Bit 18 Output (Pin 2) 

2nd to Last Bit 17 Output (Pin 1) 

3rd to Last Bit 16 Output (FM/aM) (Pin 20) 

4th to Last Bit 15 Output (Pin 19) 

5th to Last Bit 14 Output (Pin 18) 

6th to Last MSBof^lM 

ythtoLast (2”) I 

SthtoLast (210)1 

Qth tn I act I 


DATA BIT POSITION 
Last 

2nd to Last 
3rd to Last 
4th to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
1 0th to Last 
1 1th to Last 
12th to Last 
1 3th to Last 
14th to Last 
1 5th to Last 
1 6th to Last 
17th to Last 
18th to Last 


(2«) 

(28) 

(2^) 

(26) 

(25) 

(24) 

(23) 

(22) 

(21) 

LSBofH-N (26) 


Note. The actual divide code is N+1, 
plus 1. 


the number loaded 
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DS8907 


Typical Application Additional application notes are located at the back of section 11 

Electronically Tuned Radio Controller System; Direct Drive LED 


5V SWITCHED 


R/S Iq li l 2 I 3 


NSC 3 

COPS 

Vss CONTROLLER L4 
(28 PINS) , g 
MM57170N 

LB 


GND 

G3 SI CK1 SK SO G1 


KEYBOARD 

6x4 


POSSIBLE MODULE 
INSIDE DOTTED LINE 


I FROM RADIO 
* "STATION DETECT" 


FROM FROM 
FMVCQ AMVCO 


XIJ. ± 


lO.OlMFd llOOpF lO.I/iFd 


■i 


OSCB 

OSC E CAP 

FM IN AM IN 

ENABLE 

BYPASS 

CHARGE 


PUMPOUT 

DATA 1 


DSBBO? 

C.P.O. ENABLE 

CLOCK 

PLL SYNTHESIZER 

BIT 14 OUT 

5QQ kHz 

(20-PIN) 

BIT 15 OUT 

BIT 16 OUT 

50 Hz 


BIT 17 OUT 

BIT 18 OUT 


VCCM 

VCCI GND 


I FROM AFC CIRCUIT 


TO RADIO CONTROL CIRCUITS 
(MUTE. GAIN, AM. FM, STEREO, ETC) 


—j— 


UNSWITCHED 

B+ 


SWITCHED 6 + 
TO RADIO 




Logic Diagram 

AM/FM PLL/Synthesizer (Serial Data 20-Pin Package) 


CHARGE 

PUMP 

OUT 



Sections operating from VccM supply. 
** Address (1,1) 
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National 

Semiconductor 


Frequency Synthesis 


DS8908 AM/FM Digital Phase-Locked Loop 
Frequency Synthesizer 


General Description 

The DS8908 is a PLL synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, an opera- 
tional amplifier, a 120 MHz ECL/|2 l dual modulus pro- 
grammable divider, and a 19-bit shift register/latch for 
serial data entry. The device is designed to operate with a 
serial data controller generating the necessary division 
codes for each frequency, and logic state information for 
radio function inputs/outputs. 

A 3.96 MHz pierce oscillator and divider chain generate a 
1.98 MHz external controller clock, a 20 kHz, 10 kHz, 9 kHz, 
and 1 kHz reference signals, and a 50 Hz time-of-day sig- 
nal. The oscillator and divider chain are sourced by the 
VccM pin thus providing a low power controller clock drive 
and time-of-day indication when the balance of the PLL Is 
powered down. 

The 21-bit serial data stream is transferred between the 
frequency synthesizer and the controller via a 3-wire bus 
system comprised of a data line, a clock line, and an 
enable line. 

The first 2 bits in the serial data stream address the syn- 
thesizer thus permitting other devices such as display 
drivers to share the same bus. The next 14 bits are used for 
the PLL (N -t- 1) divide code. The 15th bit is used internally 
to select the AM or FM local oscillator input. A high level 
on this bit enables the FM input and a low level enables the 
AM input. The 16th and 17th bits are used to select one of 
the 4 reference frequencies. The 18th and 19th bits are con- 
nected via latches to open collector outputs. These out- 
puts can be used to drive radio functions such as gain, 
mute, AM, FM, or charge pump current source levels. 

The PLL consists of a 14-bit programmable I^L divider, an 
ECL phase comparator, an ECL dual modulus (p/p -f 1) pre- 
scaler, a high speed charge pump, and an operational am- 
plifier. The programmable divider divides by (N + 1), N be- 
ing the number loaded into the shift register. The program- 
mable divider is clocked through a ^7/8 prescaler by the 
AM input or through a 63/64 prescaler by the FM input. 
The AM input will work at frequencies up to 15 MHz, while 
the FM input works up to 120 MHz. The VCO can be tuned 
with a frequency resolution of either 1 kHz, 9 kHz, 10 kHz, 
or 20 kHz.The buffered AM and FM inputs are self-biased 
and can be driven directly by the VCO through a capacitor. 
The ECL phase comparator produces very accurate reso- 
lution of the phase difference between the Input signal 
and the reference oscillator. The high speed charge pump 
consists of a switchable constant current source and 
sink. The charge pump can be programmed to deliver from 
75 fiA to 750 (lA of constant current by connection of an ex- 
ternal resistor from pin Rprogram to ground or the open 
collector bit outputs. Connection of programming resis- 
tors to the bit outputs enables the controller to adjust the 


loop gain for the particular reference frequency selected. 
The charge pump will source current if the VCO frequency 
is high and sink current if the VCO frequency is low. The 
low noise operational amplifier provided has a high im- 
pedance JFET input and a large output voltage range. The 
op amp’s negative input is common with the charge pump 
output and its positive input is internally biased. 

Features 

■ Uses inexpensive 3.96 MHz reference crystal 

H F|n capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

■ FM resolution of either 10 kHz or 20 kHz allows usage of 
10.7 MHz ceramic filter distribution 

■ Serial data entry for simplified control 

■ 50 Hz output for time-of-day reference driven from 
separate low power Vccm 

■ 2 open collector buffered outputs for controlling various 
radio functions or loop gain 

■ Separate AM and FM inputs; AM input has 15 mV (typical) 
hysteresis 

■ Programmable charge pump current sources enable ad- 
justment of system loop gain 

■ Operational amplifier provides high impedance load to 
charge pump output and a wide voltage range for the VCO 
Input 

Connection Diagram 


Duai-ln-Line Package 



TOP VIEW 

Order Number DS8908N 
See NS Package N20A 
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Absolute Maximum Ratings (Note i) 


Supply Voltage 

(Vcci)(Vccm) 7V 

(Vcc 2 ) 17V 

Input Voltage 7V 

Output Voltage 7V 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics (Notes 2 and s) 


Operating 

Conditions 

Min 

Max 

Units 

Vcci 

4.5 

5.5 

V 

Vcc2 

Vcci + 1-5 

15.0 

V 

VcCM 

3.5 

5.5 

V 

Temperature, 

-40 

-I- 85 

°c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H Logical “1” Input Voltage 


2.0 



V 

I|H Logical “1” Input Current 

V,n = 2.7V 


0 

10 

fiA 

V|L Logical “0” Input Voltage 




0.8 

V 

I|L Logical “0” Input Current 

Data, Clock, and ENABLE Inputs, V|n = OV 


-5 

-25 

fiA 

Iqh Logical “1” Output Current 

All Bit Outputs, 50 Hz Output 

Voh = 5.5V 



50 

fiA 

1.98 MHz Output 

VoH = 2.4V, VccM = 4.5V 



-250 

fiA 

Vql Logical “0” Output Voltage 

All Bit Outputs 

Iol = 5 mA 



0.5 

V 

50 Hz Output, 1.98 MHz Output 

•oL~ 250 fiA 



0.5 

V 

1.98 MHz Output 

Iq[_ = 20 /lA, Ta > 70°C 

Iql ~ 20 fiA, Ty(^ < 70°C 



0.3 

0.4 

V 

V 

Icci Supply Current (Vcci) 

All Bit Outputs High 



160 

mA 

•ccM VccM Supply Current 

VccM = S.5V, All Other Pins Open . 


2.5 

4.0 

mA 

•out Charge Pump Output Current 

3.33k < RpROG — 33.3k 

Iqut Measured Between 

Pin 17 and Pin 18 
'pROG = Vcci/ 2 RpROG 

Pump Up 

-20 

•prog 

+ 20 

% 

Pump Down 

-20 

•prog 

+ 20 

% 

TRI-STATE® 


0 

±250 

nA 

•cc 2 Vqq 2 Supply Current 

VccM = 5V, Vcci = 5.5V, Vcc2 = 15V 

All Other Pins Open 


6.7 

11 

mA 

OPvoH Op Amp Minimum High Level 

Vcci = 4.5V, loH= -750 fiA 

Vcc2 “ 0-4 



V 

OPvoL Op Amp Maximum Low Level 

Vcci = 5.5V, Iql = 750 /.A 



0.6 

V 

CPObias Charge Pump Bias Voltage 
Delta 

CPO Shorted to Op Amp Output 

CPO = TRI-STATE 

Op Amp Iql: 750 /xA vs - 750 fiA 



100 

mV 


AC Electrical Characteristics vcc=5v, Ta=25«c, t,<io ns, t,<io ns 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|N{MIN){F) 

F|n Minimum Signal Input 

AM and FM Inputs, - 

-40°C, <Ta<85°C 


20 

100 

mV(rms) 

i V|n(MAX)(F) 

F|n Maximum Signal Input 

AM and FM Inputs, - 

-40°C<Ta<85°C 

1000 

1500 


mV(rms) 

•^OPERATE 

Operating Frequency Range 

V|fyj = 100 mV rms 

AM 

0.5 


15 

MHz 

(Sine Wave Input) 

-40‘’C<Ta<85°C 

FM 

80 


120 

MHz 

R,n(FM) 

AC Input Resistance, FM 

120 MHz, V,N = 100 mV rms 

600 



n 

R,n (AM) 

AC Input Resistance, AM 

15 MHz, V,N = 100 mV rms 

1000 




C|N 

Input Capacitance, FM and AM 

V|N = 120 MHz (FM), 15 MHz (AM) 

3 

6 

10 

PF 

^ENI 

Minimum ENABLE High 

Pulse Width 



625 

1250 

ns 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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AC Electrical Characteristics (continued) Vcc= 5 v,TA= 25 “c,t,<ions,t,£ions 


Parameter 

Conditions 


Typ 

Max 

Units 

^ENO 

Minimum ENABLE Low 

Pulse Width 



375 

750 

ns 

^CLKENO 

Minimum Time Before ENABLE 
Goes Low that CLOCK Must 
be Low 


■ 

-50 

0 

ns 

^ENOCLK 

Minimum Time After ENABLE 
Goes Low that CLOCK Must 
Remain Low 


■ 

275 

550 

ns 

^CLKENI 

Minimum Time Before ENABLE 
Goes High that Last Positive 
CLOCK Edge May Occur 


■ 

300 

600 

ns 

^ENICLK 

Minimum Time After ENABLE 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 


■ 

175 

350 

ns 

tcLKH 

Minimum CLOCK High 

Pulse Width 



275 

550 

ns 

tcLKL 

Minimum CLOCK Low 

Pulse Width 



400 

800 

ns 

, ^DS 

Minimum DATA Set-Up Time, 
Minimum Time Before CLOCK 
that DATA Must be Valid 



150 

300 

ns 

^DH 

Minimum DATA Hold Time, 
Minimum Time After CLOCK 
that DATA Must Remain Valid 



, 400 

800 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40'’C to +85'’C temperature range for the 088908. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Schematic Diagrams (DS8908 AM/FM PLL Typical Input/Output Schematics) 
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DS8908 


Timing Diagrams* 


ENABLE vs CLOCK 




AM/FM Frequency Synthesizer (Scan Mode) 


ENABLE 


data,™* — a „ l_j s_ 




PLL ADDRESS 
1,1 


1 

NEGAT IVE TRANSITIDN ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


DATA BITS 

BITS 1-14, ^N CODE (LSB FIRST) 

BIT 15, AM/FM SELECT BIT 

BITS 16-17, REFERENCE FREQUENCY SELECT BITS l 

BITS 18-19, OUTPUT BITS | 

POSITIV E TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLL IS ADDRESSED. 


‘Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


Serial Data Entry into the DS8908 

Serial informati on entry into the DS8908 Is enabled by a 
low level on the ENABLE input. One binary bit Is then ac- 
cepted from the DATA input with each positive transition 
of the CLOCK input. The CLOCK input must be low for the 
specified ti me preced ing and following the negative tran- 
sition of the ENABLE input. 

The first tw o bits ac cepted following the negative transi- 
tion of the ENABLE input are interpreted as address. If 
these address bits are not 1,1, no further Information will 
be accepted from the DATA input s, and the internal data 
latches will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all succeeding bits are 
accepted as data, and are shift ed succes sively Into the in- 
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 19th to last bit will be shifted 
out, and thus are irrelevant. Data bits are count ed as any 
bits following t wo valid a ddress bits (1,1) with the ENABLE 
low. When the ENABLE Input returns high, any further 
serial data entry is inhibited. Upon this positive transition, 
the data in the internal shift register is transferred into the 
internal data latches. Note that until this time, the states 
of the internal data latches have remained unchanged. 


These data bits are interpreted as follows: . 

Data Bit Position Data interpretation 


Last 

Bit 19 Output (Pin 2) 

2nd to Last 

Bit 18 Output (Pin 1) 

3rd to Last 

Ref. Freq. Select Bit^'') 

4th to Last 

Ref. Freq. Select Bit<i) 

5th to Last 

AM/FM Select Bit 15 

6th to Last 

(213) 

7th to Last 

(2^2) 

8th to Last 

(2”) 

9th to Last 

(210) 

10th to Last 

(2®) 

11th to Last 

(2®) 

12th to Last 

(2’) 

13th to Last 

( 26 ) 

14th to Last 

(25) 

15th to Last 

(2“) 

16th to Last 

(2®) 

17th to Last 

(22) 

18th to Last 

(2’) 

19th to Last 

LSB of -N (2®) 


Note 1: See Reference Frequency Select Truth Table. 

Note 2: The actual divide code is N + 1, ie., the number loaded plus 1. 
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Truth Table 


REFERENCE FREQUENCY SELECTION TRUTH TABLE 


Serial Data 

Reference 

Frequency 

Bit 16 

Bit 17 

(kHz) 

1 

1 

20 

1 

0 

10 

0 

1 

9 

0 

0 

1 


Typical Application Additional application notes are located at the back of section 11. 

Electronically Tuned Radio Controller System; Direct Drive LED 



UNSWITCHED 

B+ 


SWITCHED B+ 
TD RADIO 
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AM/FM PLL/Synthesizer (Serial Data 20*Pin Package) 


1.98 MHz 



^PROGRAM 


CHARGE 

PUMP 

OUTPUT 

VCC2 


OP AMP 
OUTPUT 


OP AMP 
GROUND 


Vcci 


VCCM 


GND 


I 


Logic Diagram 









Kn National 

Semiconductor 


Frequency Synthesis 


DS8614, DS8615, DS8616, DS8617 130/225 MHz Low Power 
Dual Modulus Prescalers 


General Description 


The DS8614 series products are low power dual modulus 
prescalers which divide by 20/21, 32/33, 40/41, and 64/65, 
respectively. The modulus control (MC) input selects divi- 
sion by N when at a high TTL level and division by N -f 1 
when at a low TTL level. The clock inputs are buffered, pro- 
viding 40 mVrms input sensitivity. The two outputs provide 
the user the option to wire either a totem-pole or open- 
collector output structure. Additionally, the user can wire 
a resistor between the two output pins to minimize edge 
transition emissions. The outputs are designed to drive 
positive edge triggered PLLs. These products can be oper- 
ated from either an unregulated 6.8V to 13.5V source or 
regulated 5V±10% source. Unregulated operation is ob- 
tained by connecting Vs to the source with Vreq open. 
Regulated operation is obtained by connecting both Vs 
and Vreg to the supply source. 


The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the Input frequency down to a more usable level. A 
digital frequency display system can also be derived 
separately or In conjunction with a phase-locked loop, and 
it can extend the useful range of many inexpensive fre- 
quency counters to 225 MHz. 

Features 

■ Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 

■ Low power: 10 mA (-4, -2); 7 mA (-3, std) 

■ Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 

■ Pin compatible with Motorola MC12015-17 prescalers 

■ Unregulated/regulated power supply option 


Logic Diagram 


Generalized -^-N/N-i-l 



Connection Diagram 


Duai-ln-Line Package 



Order Number DS8614N, DS8615N, 
DS8616N or DS8617N (-4, -3, -2) 
-INPUT See NS Package N08E 


TOP VIEW 


DS8614, DS8615, DS8616, DS8617 




DS8614, DS8615, DS8616, DS8617 


Absolute Maximum Ratings (Note i) 

Vs, Unregulated Supply Voltage 15V 

VpEGtReQuIated Supply Voltage 7V 

Modulus Control Input Voltage 7V 

Open-Collector Output Voltage 7V 

Operating Free Air Temperature Range -SOX to +70X 
Storage Temperature Range - 65Xto -i- 150X 


Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

DS8614-4 

DS8615-4 

DS8616-4 

DS8617-4 

DS8614-3 

DS8615-3 

DS8616-3 

DS86i7-3 

DS8614-2 

DS8615-2 

DS8616-2 

DS8617-2 

DS8614 

DS8615 

DS8616 

DS8617 

Units 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Vs 

Unregulated Supply Voltage 

VREG = Open 

6.8 

13.5 

6.8 

13.5 

6.8 

13.5 

5.5 

13.5 

V 

VreG 

Regulated Supply Voltage 

Vs and Vreg Shorted 

4.5 

5.5 

4.5 

5.5 

4.5 

5.5 

4.5 

5.5 

V 

^MAX 

Toggle Frequency 

V|N = 100 mVrms 

20 

130 

20 

130 


225 


225 ■ 

MHz 

V|N 

Input Signal Amplitude 


100 

300 

100 

300 

40 

300 

40 

300 

mVrms 

VSLW 

Slew Rate 


20 


20 


20 


20 


V/ms 

•oh 

High Level Output Current 



-400 


-400 


-400 


-400 

/.A 

•OL 

Low Level Output Current 



2.0 


2.0- 


2.0 


2.0 

mA 

DC Electrical Characteristics (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

DS8614-4 

DS8615-4 

DS8616-4 

DS8617-4 

DS8614-3 

DS8615-3 

DS8616-3 

DS8617-3 

DS8614-2 

DS8615-2 

DS8616-2 

DS8617-2 

DS8614 

DS8615 

DS8616 

DS8617 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

V|H 

High Level MC Input 
Voltage 

Vs = 13.5V, Vreg = Open 

2.0 


2.0 


2.0 


2.0 


V 

V|L 

Low Level MC Input 
Voltage 

VreG = Vs = 4.5V 


0.8 


0.8 


0.8 


0.8 

V 

VOH ' 

High Level Output 
Voltage 

Iqh = ~0-4 nriA, 

Pins 2 and 3 Shorted 

Vreg -2 


Vreg -2 


Vreg -2 


Vreg -2 


V 

'CEX 

Open-CollectorHigh 
Level Output 

Lower Output = 5.5V 


100 


100 


100 


100 

/xA 

VOL 

Low Level Output 
Voltage 

VreG = 4-5V, Iql = 2 mA 


0.5 


0.5 


0.5 


0.5 

V 

h 

Max MC Input Current 

Vs = 13.5V, Vreg = Open, 
V|h = 7V 


100 


100 


100 


100 

mA 

'IH 

High Level MC Input 
Current 

Vreg = 4.5V, V,H= 2.7V 


20 


20 


20 


20 

/^A 

l|L 

Low Level MC Input 
Current 

Vs = 13.5V, Vreg = Open, 
V|l = 0.4V 


-200 


-100 


-200 


-100 

/‘A 

<S 

Supply Current, 
Unregulated Mode 

Vs = 13.5V, Vreg = Open 


10 


7 


10 


7 

mA 

I REG 

Supply Current, 
Regulated Mode 

Vs = VreG = 5.5V 


10 


7 


10 


7 

mA 
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Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

t MODULUS 

Modulus Set-Up Time 
(Notes 4 and 5) 

DS8614 



55 


DS8615, DS8616 



65 

ns 

DS8617 



75 


R|N 

AC Input Resistance 

V|N = 100 MHz and 50 mVrms 

1.0 


kfi 

C|N 

input Capacitance 

V|N = 100 MHz and 50 mVrms 

3 

10 

pF 


AC Electrical Characterlsticsvcc=5v±io%,TA= -3o°cto 7o°c 


Note 1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 30®C to + TO^C temperature range. 

Note 3: All currents into device pins are shown as positive, out of device pins as negative, ali voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: t MODULUS = the period of time the modulus control level must be defined prior to the positive transition of the prescaler output to ensure proper 
modulus selection. 

Note 5: See Timing Diagrams. 


Timing Diagram 



The logic state of the modulus control input just prior to the output’s rising edge will determine the modulus ratio of the device imme- 
diately following that rising edge. The pulse width difference of N and N -f 1 operation occurs during the output = HI condition. 

Typical Applications 

12V 




Schematic Diagrams 

Vreg 



Vreg 


MODULUS 

CONTROL 


Vreg 




UPPER OUTPUT 
LOWER OUTPUT 
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DS8614, DS8615, DS8616, DS8617 



DS8614, DS8615, DS8616, DS8617 


Application Hints 

OPERATING NOTES 

The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 input capacitor (C1) is 
usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be interrupted, it 
may be desirable to connect a 100 kO resistor between one 
input and ground to stabilize the device. In the single- 
ended mode, it is preferable to connect the resistor to the 
unused input. In the differential mode, the resistor can be 
connected to either input. The addition of the 100 kQ pull- 
down resistor causes a loss of input sensitivity, but 
prevents circuit oscillations under no signal (open circuit) 
conditions. In addition, in the single ended mode, a capac- 
itor of 0.001 fiF (C2) should be connected between the 


unused input and the ground plane to provide a good high 
frequency bypass. The capacitor should be made larger 
for lower frequencies. 

The input waveform may be sinusoidal, but below about 
20 MHz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20V/^s will per- 
mit correct operation down to lower frequencies, provided 
the proper input coupling capacitor is provided. 

For regulated mode operation connect Vs to Vreg to en- 
sure proper operation (see Typical Application diagram). 


11-26 



s 


National 
Semiconductor 

DS8626 120 MHz Divide-by-40 Prescaler 
DS8629 120 MHz Divide-by-100 Prescaler 


Frequency Synthesis 


General Description 

The DS8626 and DS8629 are fixed ratio counters 
combining ECL and Low Power Schottky technology on 
a single monolithic substrate. Both provide high fre- 
quency capability and TTL compatibility. A single 
5.2V ±10% supply is needed. 

The device can be operated In a single-ended or differen- 
tial input mode, with the signal source typically capa- 
cltively coupled to the input. An input amplifier is 
included to allow use of extremely small amplitude, 
high frequency signals. The output of the device is a 
square wave of frequency foUT “ f|N/T00 the 
DS8629 and foUT = f|N/40 for the DS8626. The output 
is standard Low Power Schottky. 


Features 

■ High frequency, dc— 120 MHz— small input amplitude 

■ Sine wave input 30 MHz < f||\j < 120 MHz 

■ TTL compatible output 

B May be used with TTL input 

■ Single supply operation 5.2V ±10% 

■ Single ended or differential input modes 

■ Positive or negative-edge triggered 

■ Count down sequence avoids broadcast FM IF 
harmonics 


Logic and Connection Diagrams 



N = 2 DS8626 
W = 5 DS8629 


Dual-In-Line Package 



Order Number DS8626N or DS8629N 
See NS Package N08A 


Typical Applications 


High Frequency— Single-Ended Input 


TTL Input-dc < f||yj < fMAX 


5.2V 



*rTERM the termination impedance 


4,75 < Vcc < 5 25V 
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DS8626, DS8629 




DS8626, DS8629 


Absolute Maximum Ratings (Note 1) Operating Conditions 


Supply Voltage 

7V 


MIN 

MAX 

UNITS 

Input Voltage 

5V 

Supply Voltage (Vcc) 

4.68 

5.72 

V 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

5.5V 

-65°Cto +150°C 

300° C 

Temperature (Ta) 

0 

+70 

°C 


Eiectricai Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VlNI(p-p) 

Input Voltage (Peak-To- 

Single-Ended @120 MHz 



1000 

mV 


Peak) 







V|N2(p-p) 

Input Voltage (Peak-To- 

Differential @120 MHz 

100 


1000 

mV 


Peak) 







fSINE 

Input Frequency with 

V||\| = 600 mVp-p 

30 


120 

MHz 


Sine Wave 







fTTL 

Input Frequency with TTL 

Input 


0 




dv 

Minimum Slew Rate of 

V||\| = 600 mVp-p 



100 

v/jus 


Square Wave Input 

L 

J 





VOH 

Logical "1" Output Voltage 

Vcc = Min, loH = “10 juA 

2.9 



V 



Vqc " Min, IqH “400 /iA 

2.4 



V 



Vqc = Min, Iqh mA 

2.0 



V 

«os 

Output Short-Circuit 

Current 

Vcc " Max 

-10 


-40 

mA 

VoL 

Logical “0" Output 

Vcc " Min 

IOL = 8mADS8629 



0.5 



Voltage 





0.4 


icc 

Supply Current 

Vcc " Max 

DS8629 


90 






DS8626 


80 

125 

. 

mA 

Z|N 

Input Impedance 

V|i\| - 0.1 Vp-p to 1 Vp.p 

Freq. = 120 MHz 

100 

200 

1 

350 



Note 1 : “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the O'^C to 70°C range for the DS8629 and DS8626. All typical values are for 
Ta = 25° C and Vcc = 5-2V. 

Note 3: All currents into device pins shown as positive, out of device pins, negative, all voltage referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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Application Hints 


OPERATING NOTES 

Two ground and two Vqc connections are provided should be connected between the unused input and 
separating the ECL and buffer/amplifier stages from the the ground plane to provide a good high frequency 

TTL section, isolating the noise transients inherent in bypass. The capacitor should be made larger for lower 

the TTL structure. In most cases, shorting the two frequencies, 
grounds externally to a good ground plane and the 

Vcc’s to a wide V^C bus will provide sufficient isola- The input waveform may be sinusoidal, but below about 
tion. All components used in the circuit layout should 30 MHz the operation of the circuit becomes dependent 

be suitable for the frequencies involved and leads should on the slew rate of the input rather than amplitude, 

be kept short to minimize stray inductance. A well A square wave Input with a slew rate of greater than 

by-passed voltage source should be used. 100 V/jUs will permit correct operation down to lower 

frequencies, provided the proper input coupling capaci- 
The signal source is usually capacitively coupled to the tor Is provided. If it Is desired to use a TTL input signal 

input. At higher frequencies a 0.01 juF input capacitor source, the unused Input should have a 10 kr2 resistor 

(Cl) is usually sufficient, with larger values used at the added to ground and the input coupling capacitor should 

lower frequencies. If the input signal Is likely to be be eliminated with the TTL source dc coupled to the 

interrupted, it may be desirable to connect a 100 k^2 input, 

resistor between one input and ground to stabilize the 

device. In the single-ended mode, it Is preferable to The device can be used in phase-locked loop applications 
connect the resistor to the unused input. In the differen- such as FM radio or other communications bands to 

tial mode, the resistor can be connected to either Input. prescale the input frequency down to a more usable 

The addition of the 100 kl2 pull-down resistor causes a level. A digital frequency display system can also be 

loss of input sensitivity, but prevents circuit oscillations derived separately or in conjunction with a phase-locked 

under no signal (open circuit) conditions. In addition, loop, and it can extend the useful range of many inex- 
in the single ended mode, a capacitor of 0.01 jjlF (C2) pensive frequency counters to 160 MHz (typically). 


Input Configuration Output Configuration 
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DS8626, DS8629 


DS8627, DS8628 


National 

mii Semiconductor 


Frequency Synthesis 


DS8627, DS8628 130/225 MHz Low Power Prescalers 


General Description 


The DS8627 and DS8628 are low power fixed ratio pre- 
scalers which divide by 24 and 20, respectively. The inputs 
can be driven either single or double-ended and they are 
buffered, providing 40/100 mVrms input sensitivity. The 
output provided is open-collector and is capable of inter- 
facing with TTL and CMOS. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 


separately or in conjunction with a phase-locked loop, and 
It can extend the useful range of many inexpensive fre- 
quency counters to 225 MHz. 


Features 

■ Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 

■ Low power: 10 mA (-4, -2); 7 mA (-3, std) 

■ Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 


Logic Diagrams 


DS8627(-i-24) 


+ INPUT 
-INPUT 



DS8628(^20) 


.+ INPUT 
-INPUT 



) OUTPUT 


Connection Diagram 


Dual-ln-Line Package 


-f INPUT 

1 ^ 8 

INPUT 

Vcc — 

2 7 

NC 

NC 

3 6 

NC 

OUTPUT 

4 5 

GND 


TOP VIEW 

TL/F/5084-3 


Order Number DS8627N or DS8628N (-4, -3, -2) 
See NS Package N08E 
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Absolute Maximum Ratings (Note i) 

VccSupply Voltage 7V 

V|N Input Voltage <Vcc 

Open-Collector Output Voltage 7V 

Operating Free Air Temperature Range - 3Q°C to -f 70°C 
StorageTemperature Range -65°Cto +150°C 

Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

DS8627-4 

DS8628-4 

DS8627.3 

DS8628-3 

DS8627-2 

DS8628-2 

DS8627 

DS8628 

Units 




Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


Vcc 

Supply Voltage 


4.5 

5.5 

4.5 

5.5 

4.5 

5.5 

4.5 

5.5 

V 

^MAX 

Toggle Frequency 

V|N = 100 mVrms 

20 

130 

20 

130 

20 

225 

20 

225 

MHz 

V,N 

Input Signal Amplitude 


100 

300 

100 

300 

40 

300 

40 

300 

mVrms 

VsLW 

Slew Rate 


20 


20 


20 


20 


yifis 

•OL 

Low Level Output Current 



3 


3 




3 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

DS8627-4 

DS8628-4 

DS8627-3 

DS8628-3 

DS8627-2 

DS8628-2 

DS8627 

DS8628 

Units 




Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


•CEX 

Open-Collector High Level Output 

Output = 5.5V 


100 


100 


100 


100 

^A 

VoL 

Low Level Output Voltage 

Vcc = 4.5V, 

Iol = 3 mA 


0.4 


0.4 


0.4 


0.4 

V 

•cc 

Supply Current 

Vcc = 5.5 V 


10 


7 


10 


7 

mA 


AC Electricel Characteristics Vcc=5v±io%,ta= -3o°cto7o°c 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Rin 

AC Input Resistance 

V|N = 100 MHz and 50 mVrms 

1.0 


kfi 

C|N 

Input Capacitance 

3 

10 

PF 


Note 1: ‘‘Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for ‘‘Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -30°C to +70®C temperature range. 

Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 


DS8627, DS8628 



DS8627, DS8628 


Application Hints 

OPERATING NOTES 

The signal source is usually capacitively coupled to the In- 
put. At higher frequencies a 0.001 Input capacitor Is 
usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be Interrupted, It 
may be desirable to connect a 100 kfi resistor between one 
input and ground to stabilize the device. In the single- 
ended mode, it is preferable to connect the resistor to the 
unused input. In the differential mode, the resistor can be 
connected to either input. The addition of the 100 kl2 pull- 
down resistor causes a loss of Input, sensitivity, but 
prevents circuit oscillations under no signal (open circuit) 


conditions. In addition. In the single ended mode, a capac- 
itor of 0.001 /iF should be connected between the unused 
input and the ground plane to provide a good high fre- 
quency bypass. The capacitor should be made larger for 
lower frequencies. 

The Input waveform may be sinusoidal, but below about 
20 MHz the operation of the circuit becomes dependent on 
the slew/ate of the input rather than amplitude. A square 
wave Input with a slew rate of greater than 20V//iS will per- 
mit correct operation down to lower frequencies, provided 
the proper input coupling capacitor Is provided. 


Schematic Diagrams 



Typicai Appiication 
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National 

Semiconductor 


Frequency Synthesis 

PRELIMINARY 


DS8621 276 MHz/1.2 GHz VHF/UHF Prescaler 


General Description 

The DS8621 is a low power, high speed prescaler intended for 
use in frequency synthesized television tuners. The device 
performs division by 64 from the VHF input and division by 
256 from the UHF input. The VHF and UHF inputs are buf- 
fered providing 50 mVrms sensitivity at frequencies in excess 
of 275 MHz and 1.2 GHz respectively. (The VHF and UHF Input 
signals can be applied either single or double-ended.) The 
TTL compatible bandswitch (BSW) input selects the VHF in- 
puts when at a low level and the UHF inputs when at a high 
level. The outputs are complementary ECL structures which 
have controlled edge-transition rates to minimize spurious 
harmonic emissions. The device operates from a 5V ±10% 
supply source. Vcc 2 snd GND 2 power the VHF and UHF input 
stages while Vcci and GND-i power the remainder of the cir- 
cuit, thus limiting internal feedback. 


Features 

■ Broadband operation 

■ High sensitivity 

■ Separate VHF and UHF inputs 

■ Low power 

■ Pin compatible with RCA (CA3179) and Motorola 
(MC12071) 


Logic Diagram 


VCC2 


VCC1 


^ 


UHF 

INPUTS 


VHF 

INPUTS 



GND 2 


GNDi 


Connection piagram 

Dual-ln-Line Package 



Logic Truth Table 


BSW 

Input 

Mode 

Modulus 

0 

1 

VHF 

UHF 

64 

256 


Order Number DS8621 N 
See NS Package N14A 
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DS8621 





DS8621 


Absolute Maximum Ratings (Note i) 

Vcci, Supply Voltage 7V 

Vcc 2 . Supply Voltage 7V 

Input Voltage 7V 

Operating Free AirTemperature Range -SOX to +70“C 
Storage Temperature Range -65®Cto +150°C 


Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 


Supply Voltages 






Vcci 



. 5.5 

V 


VcC2 


HIH 

5.5 

V 

X 

< 

Toggle Frequency 






VHF 

V|N = 100 mVrms 

80 


MHz 


UHF 


80 


MHz 

V|N 

Input Signal 

Sensitivity 






VHF 

80 MHz-275 MHz 

20 

500 

mVrms 


UHF 

80 MHz-450 MHz 

100 

500 

mVrms 



450 MHz-1200 MHz 

50 


mVrms 


Input Slew Rate 






VHF 




V//iS 


UHF 




yifis 

mm 

High Level 

Output Current 



-300 

fiA 

■ 

Low Level 

Output Current 



300 

/.A 


DC Eiectricai Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

V|H 

High Level BSW Input Voltage 

Vcc = 5.5V 

2.0 


V 

V|L 

Low Level BSW Input Voltage 

Vcc = 4.5V 


0.8 

V 

l| 

Max High Level BSW Input 
Current 

Vcc = 4.5V 

V,h = 7V 


100 


l|H 

High Level BSW Input Current 

< < 


20 

AtA 

l|L 

Low Level BSW Input Current 

Vcc = 5.5V 

V,l = 0.4V 


-100 

nA 


Output Voltage Range 

Refer to Output Load Diagram 

0.75 

1.6 

Vp-p 

Ice 

Supply Current 

Vcc = 5.5V 


32.0 

mA 


AC Eiectricai Characteristics Vcc=5v±io%,ta= -30"cto +70“c 


Parameter 

Conditions 

Min 

Max 

Units 

Output Rise/Fall Time 

Refer to Output Load Diagram 

40 

110 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 30°C to + 70“C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 


11-34 






























Typical Input/Output Schematics 


Bandswitch Buffer 

VCC2 



Output Buffer 

Vcci 



UHF/VHF Input Buffers 

INPUT 1 INPUT Z 



Output Load Diagram 



5V 
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National 

Semiconductor 


Frequency Synthesis 

PRELIMINARY 


DS8622 500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler 


General Description 

The DS8622 is a low power broadband dual modulus pre- 
scaler intended for use in frequency synthesized television 
tuners. The device features separate VHF and UHF buffered 
inputs, VHF input division by 126 or 128, UHF input division by 
252 or 256, TTL compatible bandswitch and modulus control 
Inputs, complementary ECL outputs, and 5V operation. 

The VHF and UHF inputs cover a frequency range from 
80 MHz to 1200 MHz and can be driven either single or 
double-ended. The bandswitch (BSW) input selects the 
VHF inputs when at a low level and the UHF inputs when at 
a high level. The modulus control (MC) input selects 
division by 126 or 252 when at a high level and division by 
128 or 256 when at a low level. The dual modulus feature of 
this prescaler can provide frequency resolution steps of 
3.9 kHz, 7.8 kHz, or 15.6 kHz as shown in the table of Pos- 


sible Operating Conditions. The outputs are internally 
edge-transi|ion controlled to minimize spurious harmonic 
emissions. The device operates from a standard 5V ± 10% 
supply source. Vqc 2 ^nd GND 2 powerthe VHFand UHF in- 
put stages, and Vqoi andGNDi powerthe remainder of the 
circuit, thus limiting internal feedback. 

Features 

■ Broadband operation 

■ Increased frequency resolution 

■ High Input sensitivity 

■ Separate VHF and UHF inputs 
H Low power 


Logic Diagram 


Vcc2 VCC1 



GND2 BSW MC GNDi 




Connection Diagram 


Logic Truth Table 


Duai-ln-Llne Package 



P- UHF INPUT 


BSW 

MC 

Input 

Mode 

Modulus 

0 

0 

VHF 

128 

0 

1 

VHF 

126 

1 

0 

UHF 

256 

1 

1 

UHF 

252 


Order Number DS8622N 
See NS Package N14A 
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Absolute Maximum Ratings (Note i) 

Vcci. Supply Voltage 7V Operating Free Air Temperature Range - 30*0 to +70 “C 

Vcc 2 . Supply Voltage 7V Storage Temperature Range -65“Cto + ISO^C 

BSW.MC Input Voltage 7V 


Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 


Supply Voltages 


■■ 




Vcci 



5.5 

V 


Vcc2 


■H 

5.5 

V 

^MAX 

Toggle Frequency 






VHF 

V|N = 100 mVrms 

80 

550 

MHz 


UHF 


80 

1200 

MHz 

V|N 

Input Signal 

Sensitivity 



— 



VHF 

80 MHz-550 MHz 

50 


mVrms 


UHF 

80 MHz-550 MHz 

100 


mVrms 



550 MHz-1200 MHz 

50 


mVrms 


Input Slew Rate 






VHF 






UHF 





'oh 

High Level 

Output Current 



-300 

fiA 

•OL 

Low Level 

Output Current 



300 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

V|H 

High Level Input Voltage (Note 4) 

Vcc = 5.5V 

2.0 



V|L 

Low Level Input Voltage (Note 4) 

Vcc = 4.5V 


0.8 

noHi 

l| 

Max Input Current (Note 4) 

Vcc = 4.5V 

V,h = 7V 


100 


■iH 

High Level Input Current (Note 4) 

Vcc = 4.5V 

V,h = 2.7V 


20 

liA 

l|L 

Low Level Input Current (Note 4) 

Vcc = 5.5V 

V,l = 0.4V 


-100 

aA 


Cutput Voltage Range 

Refer to Cutput Load Diagram 

0.75 

1.6 

Vp-p 

•cc 

Supply Current 



32.0 

mA 


AC Electrical Characteristics Vcc=5v±io%,ta= -3o°cto +70'>c 


Symbol 

Parameter 

Conditions 

Min 

Max 


t MODULUS 

Modulus Set-Up Time 
(Note 5) 



65 

ns 

tSEL 

BSW Select Time 



20 

liS 


Cutput Rise/Fall Time 

Refer to Cutput Load Diagram 

40 

110 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The tableof “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - SOX to + 70"C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Applies to BSW and MC inputs. 

Note 5: t MODULUS = period of time the modulus control level must be defined prior to the positive transition of the prescale output to ensure proper 
modulus selection. 
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Typical Input/Output Schematics 


Modulus Control Buffer 


Bandswitch Buffer 




UHF/VHF Input Buffers 


Output Buffer 


INPUT 1 INPUT 2 



Output Load Diagram 


POSSIBLE OPERATING CONDITIONS 


Reference 

Frequency 

(kHz) 

Mode 

Frequency 

Resolution 

(kHz) 

Min Lock 
Frequency* 
(MHz) 

15.625 

VHF 

31.25 

124.03125 

UHF 

62.5 

248.0625 

7.8125 

VHF 

15.625 

62.015625 

UHF 

31.25 

124.03125 

3.90625 

VHF 

7.8125 

31.0078 

UHF 

15.625 

62.015625 


* Frequencies obtainable using minimum continuous N code. 
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Timing Diagram 


(VHF)h- 126 (VHF)-i-128 (VHF)-M26 
(UHF)-f-252 (UHF)-i-256 (UHF)^252 



The modulus control input level is sensed immediately prior to the output low-to-high level transition. The prescaler’s modulus value 
will respond to the change in the modulus control input level immediately afterVnaX same output low-to-high level transition. 
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Digital PLL Synthesis 


National Semiconductor 
Application Note 335 
Craig Davis 
Tom Mills 
Keith Mueller 
April 1983 



I. System Concepts 
INTRODUCTION 

Digital tuning systems are fast replacing the conventional 
mechanical systems in AM/FM and television receivers. 
Thedesirabilltyofthedigital approach is mainly due to the 
following features: 

• Preclsetuning of station frequencies 

• Exact digital frequency display 

• Keyboard entry of desired frequency 

• Virtually unlimited station memory 

• Up/down scanning through the band 

• Station “search” (stop on next active station) 

• Power on to the last station 

• Easy option for time-of-day clock 

In addition, recent developments in large scale integrated 
circuit technology and, new varactor diodes for the AM 
band have made the cost-benefit picture for digital tuning 
very attractive. System partitioning Is extremely important 
in optimizing this cost-benefit picture, as will be discussed. 


SYSTEM DESCRIPTION 

A simplified block diagram of a typical digitally tuned re- 
ceiver is shown In Figure 1. Notice this receiver could be 
one for AM, FM, marine radio, or television; It makes no dif- 
ference. The frequency synthesizer block generates the 
local oscillator frequency for the receiver, just as a conven- 
tional mechanical tuner would. However, the phase- 
locked-loop (PLL) acts as an integral frequency multiplier 
of an accurate crystal controlled reference frequency 
while the mechanical type provides a continuously vari- 
able frequency output with no reference. Some method of 
controlling the value of the multiplier for channel tuning 
must be provided. The other RF, IF, and audio/video cir- 
cuitry will be the same as in the mechanical tuning 
method. 

There are many different ways to partition the frequency 
synthesizer system to perform the digital tuning function. 



FIGURE 1. Block Diagram of a Digitally Tuned Receiver 


COPS^*^ is a trademark of National Semiconductor Corp. 
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PROGRAMMABLE CONTROLLER FUNCTION 

The most cost-effective application of different 1C process 
technologies Is shown in Figure 2. The controller is 
separate from the PLL. The controller can be as simple as 
a mask programmable microcontroller* or as complicated 
as a high-powered microprocessor system. It can be done 
most economically with NMOS technology because of the 
logic density possible and the small size of the RAM/ROM 
memory cells. It could also be CMOS for extremely low 
power consumption in standby mode. 

BASIC PHASE-LOCKED-LOOP FUNCTION 

The DS8906/7/8 series of PLLs utilize a dual-modulus fre- 
quency synthesis technique. The reasons for this and the 
PLL itself will now be discussed. 

Figure 3 is a diagram of the most simple phase-locked- 
loop. A particular reference frequency is generated by a 
crystal oscillator and some fixed divider, and this goes 

*Such as National’s COPS™ family. 


into one side of a digital phase comparator. A voltage con- 
trolled oscillator (VCO) feeds directly into the other input 
of the phase comparator. The output of the phase compar- 
ator is an error signal which is filtered and fed back to the 
VCO as a DC control voltage. 

In lock, the phase error must be zero, so f|N equals fpEF- 
This system provides only one output frequency, that 
being equal to the reference frequency. 

Figure 4 is basically the same but now a programmable 
divide-by-N counter is between the VCO and the phase 
comparator. The input to the phase comparator (fiN) now 
becomes the output frequency of the VCO (f out) divided by 
N, where N is the division code loaded Into the program- 
mable counter. This means four/N must equal fpEF- Thus, 
the VCO output frequency becomes N x fpEF, and four can 
now be changed in integral steps of f ref by merely chang- 
ing N. 


^ KEVBOABD ^ FBEOUENCY 

I KEYBOABD I DISPUY 

'-nrn 


PBOGRAMMABLE 

CONTROLLER 


I DISPLAY 
I ^NTROLL^ J 


,-t~n 

5 ON/OFF I 
I ALARM I 
I^CIRCUITRY Jj 


1 
I 
I 
I 
I 

I 1 

STATION 


£ 


"1 n" TIME OF DAY "1 
I I DISPLAY I 

^ ““nTn"^ 

_ _UJ-U_ 

I I DISPLAY I 
CONTROLLER ■ 


FREQUENCY 

SYNTHESIZER 

BLOCK 

(PLL, LPF, VCO) 


DETECT 


FIGURE 2. System Block Diagram 




TUF/5269-3 


FIGURE 3. Basic Phase*Locked-Loop 



TUF/5269-4 


hN = ^REF 


, fOUT 

UN=-fr 

^OUT , 

— =fREF 

fOUT= N X f REF~" ^STEP = ^REF 


FIGURE 4. Basic PLL Frequency Synthesizer 
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In applications where the output frequency desired ex- 
ceeds the maximum clock frequency of available pro- 
grammable dividers, a common solution is to add a pre- 
scaler preceding the programmable divider, as shown In 
Figure 5. In this case four = N (M x f ref) and so the output 
frequency step size becomes MxfpEp. So, while this 
technique allows higher frequency operation, it does so at 
the expense of either increased channel spacing for a 
given reference frequency, or decreased reference fre- 
quency If a specific channel spacing is required. This 
latter limitation Is often undesirable as It can cause in- 
creased lock-on time, decreased scanning rates, and side- 
bands at undesirable frequencies. 


Figure 6 shows the basic dual-modulus scheme. Here, a 
dual-modulus prescaier is substituted for the fixed pre- 
scaler and the modulus is controlled by programmable 
counters. The advantage to this approach is that the step 
size is again equal to the reference frequency while the 
prescaling still allows the programmable counters to 
operate at lower frequencies. As in the fixed prescale tech- 
nique, only the prescaler needs to be high speed. The 
DS8906/7/8 prescale by 7/8 for AM and in a similar fashion 
by 63/64 in FM. 





fOUT I 


, 


I 

fOUT^ 

-fM 

-fN 

fouT 

w firn ► 

LPF 

vco 

I ^ 

I IaCU 






L- 


I I 

rncoCALcn 

I I 

UlVIUtn 




' 

L 




iriimni 


] 

r 
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hN = fREF 

hN= ^OUT 
NxM 

^OUT , 

^OUT = (NxM)fREF 

foUT = N (M X f ref)-^ ^STEP = M x f ref 


FIGURE 5. PLL Frequency Synthesizer with Fixed Prescaler 



. ^OUT . 
hN=— fg— = fREF 


fOUT=NxfREF — ^STEP = fREF 
* if f REF = hN> then “tuned" 
if fREF’^hN* then “not tuned” 


TL/F/5269-6 


FIGURE 6. Basic Dual-Modulus Frequency Synthesizer 
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II. Application Hints 

VOLTAGE CONTROLLED OSCILLATORS 

In all radio and television applications, the voltage con- 
trolled oscillator (VCO) is a varactor tuned, LC type of cir- 
cuit. The LC circuit is used over the various RC current 
controlled circuits because of their superior noise charac- 
teristics. Figure 7 shows a collection of popular VCOs 
used in radio and television tuners. The AM VCO is a 
Hartley design chosen for wide tuning range. Commonly 
used varactors will show a capacitance change of 350 pF 
at 1V to 20 pF at 8V, which if used in a low capacitance 
oscillator circuit, can produceatuning range approaching 
3to1. 


In the higher frequency ranges, above 50 MHz, Colpitts 
oscillators are used because stray circuit capacitance will 
be in parallel with desired feedback capacitance and not 
cause undesirable spurious resonances that might occur 
with the tapped coil Hartley design. The FM VCO shown is 
a grounded base design with feedback from collector to 
emitter. A UHF television oscillator is also shown. It too is 
a grounded base oscillator, but using a transmission line 
as the resonant element instead of a coil. The transmis- 
sion line and tuning capacitors are arranged in tt network 
which offers improved noise characteristics over a paral- 
lel tuned circult.Thls circuit will tune over almost an octave. 


Hartley Oscillator 


TUNING 

VOLTAGE B+ 



Colpitts Oscillator 



50MHz~300MHzVCO 
Tuning range = 2:1 


Colpitts Oscillator 


TUNING 
B+ VOLTAGE 



FIGURE 7. Typical VCO Circuits (Typical Values Shown) 
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PLL LOOP FILTER CALCULATIONS 

Andrzej Przedpelski, in two articles published in Elec- 
tronic Design (#19, Sept. 13, 1978 and #10, May 10, 1978) 
explains how to calculate the three time constants associ- 
ated with a third order type 2 loop which Is typically used 
with the DS8906/7/8 series. Figure 8 explains his method 
and shows a sample calculation. His articles Illustrate 
how to calculate three time constants, and plot open loop 
gain and phase, and closed loop noise response. 

It should be noted that VCO gain, Kv, is in terms of radians 
per second per volt, and phase detector gain, Kq, is in 
terms of amps per radian. The phase detector gain for the 
DS8906/7/8 series is ± Iqut divided by 47r. 

Figure 9 Illustrates an example calculation of time con- 
stants, and a plot of open loop gain and phase based on 
the preceding analysis. 


REFERENCES 

1. Manassewitsch V., “Frequency Synthesizers” (Wiley, 
New York, 1976) 

2. Rohde, A. L, “Digital PLL Frequency Synthesizers” 
(Prentice Hall, Englewood Cliffs, 1983) 

3. Egan, W.F., “Frequency Synthesis By Phase Lock” 
(Wiley, New York, 1981) 
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T1 = R1C1 
T2 = R1C2 

ey 1 + ST1 
io"SC1 a+ST2) 

^^"ns2c1 \H-ST2/ 

1 - tan 0 cos (j) 

Ci)ocos0 

T1= 3 — 

KpKy / -OJqTI-A 
Nwo2 WoT2 + 1 / 
where 0 = desired phase margin 
CiJo = loop natural frequency 
closed loop bandwidth 

Note: DS8908 op amp requires C3* 1000 pF for compensation. 


FIGURE 8. Third Order Type 2 Loop 



VHF loop, running at 100 MHz, ref = 10 kHz 
Ky = 2.5 MHz/V = 15.7 Mrad/sec/V 

Kd= =31.8/iA/radian 

N 

e 

T2 
T1 
Cl 
so R1 
C2 


= 100 MHz 

.,Q = 10,000, 0)0 = 27r X 100 Hz 

= 45“ (desired phase margin) 

= 6.6 X 10“^ sec 
= 3.84x10”^ sec 
= 0.3 ^F 
=T1fC1 = 13k0 
= T2/R1=0.05^F 


FIGURE 9. Example of Gain and Phase Calculation 
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DUAL-MODULUS COUNTING RANGE LIMITATIONS 

• Minimum count limitations 

• Maximum count limitations 

The DS8906/7/8 series PLLs utilize a dual-moclulus count- 
ing scheme Internally based on a 63/64 prescale modulus 
in FM mode in order that all of the U.S. FM frequency 
assignments could be reached using a 25 kHz reference. 
The counter modulus N =64A-i- B where B is the 6 least 
significant bits of N and A is the 7th and greater signifi- 
cant bits of N. 

N=64A-fB_ 

N = 64A-f63-B(B=J3-B_) 

1 -I- N = 64A -t- 63 -t- 1^- 64^-f 63B 
1 + N = 64 (A-h1-B)-i-63B 


The last equation Is in the final form used internally by the 
DS8906/7/8. The equation indicates that, if N is loaded 
into the device, it will solve for N -f- 1. 

The minimum continuous N modujus (code) the equation 
dictates should occur when A = B. B maximum = 63 Im- 
plies A = 62, B = 63 should be an Illegal N-f1 code 
(N -i- 1 = 3969). However, because this Is just inside the 
lower FM band limits, extra circuitry was added to enable 
this particular code’s operation. The actual minimum 
N -H 1 co^de for these PLLs thus becomes the case when 
A = 61,B = 61,N-i-1 minimum = 3907. There are legitimate 
N + 1 codes below this 3907 value, however, they are not 
continuous. (I.e., Starting at 3907 and counting down, one 
additional code is In error every 63 codes. Thereafter, 
these erroneous codes are the cases where A < B.) The se- 
quence of illegal codes is shown in Figure 10. 


Loaded Value 
of N 

A 

B 

Status 

Actual Locked 
N + 1 Value 

3906 

61 

61 

OK 

3907 

3905 

61 

62 

illegal 

3907 

3904 

61 

63 

illegal 

3907 

3903 

60 

0 

OK 

3904 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

m 

• 

• 

• 

3843 

60 

60 

OK 

3844 

3842 

60 

61 

illegal 

3844 

3841 

60 

62 

illegal 

3844 

3840 

60 

63 

illegal 

3844 

3839 

59 

0 

OK 

3840 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3780 

59 

59 

OK 

3781 

3779 

59 

60 

illegal 

3781 

3778 

59 

61 

illegal 

3781 

3777 

59 

62 

illegal 

3781 

3776 

59 

63 

illegal 

3781 

3775 

58 

0 

OK 

3776 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

' • 

3717 

58 

58 

OK 

3718 

3716 

58 

59 

illegal 

3718 

3715 

58 

59 

illegal 

3718 

3714 

58 

60 

illegal 

3718 

3713 

58 

61 

illegal 

3718 

3712 

58 

63 

illegal 

3718 

3711 

57 

0 

OK 

3712 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 





TL/F/5269-12 


FIGURE 10. FM Mode Dual-Modulus Counting Below the Minimum Continuous N Code of 3906 
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Maximum code limits for these dual-modulus PLLs are 
determined by the N code bit length. The DS8906 and 
DS8908 have a 14-bit N counter allowing 16,383 counts. 
The DS8907 has a 13-blt N node length, allowing a maxi- 
mum N count of 8,191. See Figure 11 for table operating 
ranges of the DS8906, DS8907 and DS8908 PLLs. 

CONCLUSION 

The major application for the DS8906/7/8 PLLs are syn- 
thesizers for AM-FM radios, and have been widely ac- 
cepted In the marketplace. Figure 12 shows the block 
diagram of such a radio, in this application the following 
performance relating to the PLL tuning system is realized. 


PLL Loop Bandwidth 

300 Hz 

Reference Frequency Sidebands 

>60dB 

SIgnal-to-Nolse Ratio 


AM: 30% modulation 

>50dB 

FM: 22.5 kHz deviation 

>55dB 

Switching Speed (one channel) 

<1.5 ms 


Product 

input 

Ref 

(Hz) 

«in(Hz) ! 

Min* 

Max 

DS8906 

AM 

500 

24.5k 

8.193M 

FM 

12.5k 

48.8375M 

120M 

DS8907 

AM 

10k 

490k 

15M 

FM 

25k 

97.675M 

120M 

DS8908 

AM 

1k 

49k 

15M 

9k 

441k 

15M 

10k 

490k 

15M 

20k 

980k 

15M 

FM 

Ik 

3.907M 

15M 

9k 

35.163M 

120M 

10k 

39.07M 

120M 

20k 

78.14M 

120M 
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*The minimum frequency shown is obtained when the minimum con- 
tinuous N code is utiiized and It assumes the edge rates >20V//ts. 

FIGURE 11. Product Operating Frequency Range 
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FIGURE 12. AM-FM Digitally Tuned Radio System 
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^ National Semiconductor 


Interface Cross Reference Guide 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

AMD 

AM26LS30DC 

DS3691J 


AM26LS30PC 

DS3691N 


AM26LS31DC 

DS26LS31CJ 


AM26LS31PC 

DS26LS31CN 


AM26LS32DC 

DS26LS32ACJ 

DS26LS32CJ 

AM26LS32PC 

DS26LS32ACN 

DS26LS32CN 

AM26LS33DC 

DS26LS33ACJ 

DS26LS33CJ 

AM26LS33PC 

DS26LS33ACN 

DS26LS33CN 

AM26S10DC 

DS26S10J 


AM26S10PC 

DS26S10N 


AM26S11DC 

DS26S11J 


AM26S11PC 

DS26S11N 


AM26S12DC 


DS8838J 

AM26S12PC 


DS8838N 

. AM2965DC 


DP84240J 

' AM2965PC 


DP84240N 

AM2966DC 


DP84244J 

AM2966PC 


DP84244N 

N8T26AB 

DS8T26AN 


N8T26AF 

DS8T26AJ 


N8T28F 

DS8T28J 


N8T28N 

DS8T28N 


D8212 

DP8212J 


P8212 

DP8212N 


D8216 

DP8216J 


P8216 

DP8216N 


D8224 

DP8224J 


AM8224PC 

DP8224N 


D8226 

DP8226J 


P8226 

DP8226N 


AM8228PC 

DP8228N 


D8228 

DP8228J 


AM8238PC 

DP8238N 


D8238 

DP8238J 


DP8303J 

DP8303J 


DP8303N 

DP8303N 


DP8304BJ 

DP8304BJ 


DP8304BN 

DP8304BN 


DP8307J 

DP8307J 


DP8307N 

DP8307N 


DP8308J 

DP8308J 


DP8308N 

DP8308N 


DS8838J 

DS8838J 


DS8838N 

DS8838N 



The manufacturer’s most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (continued) a National Semiconductor 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

Device 

Designation 

National’s 

Direct 

Repiacement 

National’s 

Closest 

Replacement 

FAIRCHILD I 


/iA1488DC 

DS1488J 


9636ARC 


DS3691J 

/iA1488PC 

DS1488N 


9636ATC 


DS3691N 

^A1489ADC 

DS1489AJ 


9637ARC 


DS3486J 

/iA1489APC 

DS1489AN 


9637ATC 


DS3486N 

/iA1489DC 

DS1489J. 


9640DC 

DS26S10J 


/iA1489PC 

DS1489N 


9640PC 

DS26S10N. 


/iA3680DC 

DS3680J 


9643PC 


DS75322N 

/XA3680PC 

DS3680N 


9643TC 


DS75322N 

75107ADC 

DS75107J 


9645DC 


DS3245J 

75107APC 

DS75107N 


9645PC 


DS3245N 

75107BDC 


DS75107J 




75107BPC 


DS75107N 




75108ADC 

DS75108J 





75108APC 

DS75108N 





75108BDC 


DS75108J 




75108BPC 


DS75108N 




75150RC 

DS75150J-8 





75150TC 

DS75150N 





75154DC 

DS75154J 





75154PC 

DS75154N 





75450BDC 

DS75450J 





75450BPC 

DS75450N 





75451 ARC 

DS75451J-8 





75451 ATC 

DS75451N 





75451 BRC 

DS75451J-8 





75451 BTC 

DS75451N 





75452ARC 

DS75452J-8 





75452ATC 

DS75452N 





75452BRC 

DS75452J-8 





75452BTC 

DS75452N 





75453ARC 

DS75453J-8 





75453ATC 

DS75453N 





75453BRC 

DS75453J-8 





75453BTC 

DS75453N 





75461 RC 

DS75461J-8 





75461 TC 

DS75461N 





75462RC 

DS75462J-8 





75462TC 

DS75462N 





75471 TC 


DS3611N 




75472TC 


DS3612N 




75491 PC 

DS75491N 





75492PC 

DS75492N 





75492APC 


DS75492N * 




;iA8T26ADC 

DS8T26AJ 





/xA8T26APC 

DS8T26AN 





/iA8T28DC 

DS8T28J 





/iA8T28PC 

DS8T28N 





9614DC 

DS75114J 





9614PC 

DS75114N 





961 5DC 

DS75115J 





961 5PC 

DS75115N 





961 6DC 


DS1488J 




961 6PC 


DS1488N 




961 7DC 


DS1489AJ 




961 7DC 


DS1489J 




961 7PC 


DS75154N 





The manufacturer’s most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

INTEL 

D3245 

DS3245J 


D8212 

DP8212J 


P8212 

DP8212N 


D8216 

DP8216J 


P8216 

DP8216N 


D8224 

DP8224J 


D8224 

DP8224N 


D8226 

DP8226J 


P8226 

DP8226N 


D8228 

DP8228J 


D8228 

DP8228N 


D8238 

DP8238J 


P8238 

DP8238N 


D8286 

DP8304BJ 


P8286 

DP8304BN 


D8287 

DP8303J 


P8287 

DP8303N 



The manufacturer’s most current data sheets take precedence over this guide. 


^ National Semiconductor 
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Interface Cross Reference Guide (continued) 


Device 

Designation 


National’s National’s 

Direct Closest 

Replacement Replacement 


^ National Semiconductor 


MMI 

74S408N DP8408N 

74S409N DP8409N 

74S780N DP8400N 

The manufacturer’s most current ciata sheets take precedence over this guide. 


1 
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Interface Cross Reference Guide (continued) ^ National Semiconductor 



National’s 

National’s 


National’s 

National’s 



Device 

Direct 

Closest 

Device 

Direct 

Closest 



Designation 

Replacement 

Replacement 

Designation 

Replacement 

Replacement 



MOTOROLA 






MMH0026CG 

DS0026CH 

DS0026CG 

MC75125P 

DS75125N 




MMH0026CL 

DS0026CJ 


MC75127L 

DS75127J 




MMH0026CN 

DS0026CN 


MC75127P 

DS75127N 




MMH0026CP1 

DS0026CN 


MC75128L 

DS75128J 




MMH0026G 

DS0026H 


MC75128P 

DS75128N 




MMH0026L 

DS0026J 


MC75129L 

DS75129J 




MC12015P 

DS8615N 


MC75129P 

DS75129N 




MC12016P 

DS8616N 


MC75325L 

DS75325J 




MC12017P 

DS8617N 


MC75491P 

DS75491N 




MC12071P 

DS8621N 


MC75492P 

DS75492N 




MC1472P1 


DS3612N 

MC8T13L 

DS75121J 




MC1472P1 


DS3632N 

MC8T13P 

DS75121N 




MC1472U 


DS3612J-8 

MC8T14L 

DS75122J 




MC1472U 


DS3632J-8 

MC8T14P 

DS75122N 




MC1488L 

DS1488J 


MC8T23L 

DS75123J 




MC1488P 

DS1488N 


MC8T23P 

DS75123N 




MC1489AL 

DS1489AJ 


MC8T24L 

DS75124J 




MC1489AP 

DS1489AN 


MC8T24P 

DS75124N 




MC1489L 

DS1489J 


MC8T26AL 

DS8T26AJ 

DS8834J 



MC1489P 

DS1489N 


MC8T26AP 

DS8T26AN 

DS8834N 


r" 

AM26LS31DC 

DS26LS31CJ 


MC8T28L 

DS8T28J 




AM26LS31PC 

DS26LS31CN 


MC8T28P 

DS8T28N 




MC26S10L 

DS26S10J 


DS8641N 

DS8641 N 




MC26S10P 

DS26S10N 


DS8641J 

DS8641N 



ii 

MC3430L 

DS3651J 






\A 

MC3430P 

DS3651N 





O 


MC3431L 


DS3651J 






MC3431P 


DS3651N 






MC3432L 

DS3653J 







MC3432P 

DS3653N 





A 


MC3433L 


DS3653J 






MC3433P 


DS3653N 






MC3437L 

DS8837J 







MC3437P 

DS8837N 







MC3438L 

DS8838J 







MC3438P 

DS8838N 







MC3450L 


DS3650J 






MC3450P 


DS3650N 






MC3451P 


DS3451N 






MC3452P 

DS3652N 







MC3486L 

DS3486J 







MC3486P 

DS3486N 







MC3487L 

D33487J 







MC3487P 

DS3487N 







MC3490P 


DS8887N 






MC3491P 


DS8889N 






MC3494P 


DS8897N 






MC6880AL 

DS8T26AJ 







MC6880AP 

DS8T26AN 







MC6889L 

DS8T28J 







MC6889P 

DS8T28N 







MC75107L 

DS75107J 







MC75107P 

DS75107N 







MC75108L 

DS75108J 







MC75108P 

DS75108N 







MC75125L 

DS75125J 








The manufacturer’s most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (continued) 


Device 

Designation 

Nationai’s 

Direct 

Replacement 

NationaPs 

Closest 

Replacement 

SIGNETICS 

MC1488F 

DS1488J 


MC1488N 

DS1488N 


MC1489AN 

DS1489AN 


MC1489AF 

DS1489AJ 


MC1489F 

DS1489J 


MC1489N 

DS1489N 


NE582F 


DS75494J 

NE582N 


DS75494N 

75S107F 


DS75107J . 

75S107N 


DS75107N 

75S108F 


DS75108J 

75S108N 


DS75108N 

75S207F 


DS75207J 

75S207N 


DS75207N 

75S208F 


DS75208J 

75S208N 


DS75208N 

N8T13F 

DS75121J 


N8T13N 

DS75121N 


N8T14F 

DS75122J 


N8T14N 

DS75122N 


N8T15F 


DS75150J-8 

N8T15N 


DS75150N 

N8T23F 

DS75123J 


N8T23N 

DS75123N 


N8T24F 

DS75124J 


N8T24N 

DS75124N 


N8T26AF 

DS8T26AJ 


N8T26AN 

DS8T26AN 


N8T28F 

DS8T28J 


N8T28N 

DS8T28N 


N8T34F 

DS8834J 


N8T34N 

DS8834N 


N8T37F 

DS8837J 


N8T37N 

DS8837N 


N8T38F 

DS8838J 


N8T38N 

DS8838N 


N8T380F 

DS8836J 

DS8640J 

N8T380N 

DS8836N 

DS8640N 

*DS8820AF 

DS8820AJ 


*DS8820AN 

DS8820AN 


*DS8820F 

DS8820J 


*DS8820N 

DS8820N 


*DS8830F 

DS8830J 


*DS8830N 

DS8830N 


*DS8880F 

DS8880J 


*DS8880N 

DS8880N 



The manufacturer’s most current data sheets take precedence over this guide. 
*Signetics has announced plans to obsolete these products. 
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^ National Semiconductor 


Interface Cross Reference Guide (Continued) 


^ National Semiconductor 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

SPRAGUE I 

UDN3611H 

DS3611J-8 


UDN3611M 

DS3611N 


UDN3612H 

DS3612J-8 


UDN3612M 

DS3612N 


UDN3613H 

DS3613J-8 


UDN3613M 

DS3613N 


UDN3614H 

DS3614J-8 


UDN3614M 

DS3614N 



he manufacturer’s most current data sheets take precedence over this guide. 
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SPRAGUE 


TEXAS INSTRUMENTS 



Interface Cross Reference Guide (continued) ^ National Semiconductor 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

TEXAS iNSTRUMENTS 

MC1488J 

DS1488J 


MC1488N 

DS1488N 


MC1489AJ 

DS1489AJ 


MC1489AN 

DS1489AN 


MC1489J 

DS1489J 


MC1489N 

DS1489N 


AM26LS31CJ 

DS26LS31CJ 


AM26LS31CN 

DS26LS31CN 


AM26LS32ACJ 

DS26LS32ACJ 

DS26LS32CJ 

AM26LS32ACN 

DS26LS32ACN 

DS26LS32CN 

AM26LS33AJ 

DS26LS33ACJ 

DS26LS33CJ 

AM26LS33AN 

DS26LS33ACN 

DS26LS33CN 

AM26S10CJ 

DS26S10J 


AM26S10CN 

DS26S10N 


AM26S11CJ 

DS26S11J 


AM26S11CN 

DS26S11N 


MC3486J 

DS3486J 


MC3486N 

DS3486N 


MC3487J 

DS3487J 


MC3487N 

DS3487N 


SN74LS424J 

DP8224J . 


SN74LS424N 

DP8224N 


SN74S412J 

DP8212J 


SN74S412N 

DP8212N 


SN74S428N 

DP8228N 


SN74S436N 

DS36149N 


SN74S437N 

DS36179N 


.SN74S438N 

DP8238N 


SN75107AJ 


DS75107J 

SN75107AN 


DS75107N 

SN75107BJ 

DS75107J 


SN75107BN 

DS75107N 


SN75108AJ 


DS75108J 

SN75108AN 


DS75108N 

SN75108BJ 

DS75108J 


SN75108BN 

DS75108N 


SN75113J 

DS75113J 


SN75113N 

DS75113N 


SN75114J 

DS75114J 


SN75114N 

DS75114N 


SN75115J 

DS75115J 


SN75115N 

DS75115N 


SN75121J 

DS75121J 


SN75121N 

DS75121N 


SN75122J 

DS75122J 


SN75122N 

DS75122N 


SN75123J 

DS75123J 


SN75123N 

DS75123N 


SN75124J 

DS75124J 


SN75124N 

DS75124N 


SN75125J 

DS75125J 


SN75125N 

DS75125N 


SN75127J 

DS75127J 


SN75127N 

DS75127N 


SN75128J 

DS75128J 


SN75128N 

DS75128N 


SN75129J 

DS75129J 


.SN75129N 

DS75129N 


SN75150J 

DS75150J-8 


SN75150N 

DS75150N 


SN75154J 

DS75154J 


SN75154N 

DS75154N 


SN75160N 

DS75160AN 


SN75160AN 

DS75160AN 


SN75161N 

DS75161AN 


SN75161AN 

DS75161AN 


SN75162N 

DS75162AN 


SN75162AN 

DS75162AN 


SN75182J 

DS8820AJ 


SN75182N 

DS8820AN 


SN75183J 

DS8830J 


SN75183N 

DS8830N 


SN75188J 

DS1488J 


SN75188N 

DS1488N 


SN75189AJ 

PS1489AJ 



The manufacturer’s most current data sheets take precedence over this guide. 
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Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 


SN75189AN 

DS1489AN 


SN75189J 

DS1489J 


SN75189N 

DS1489N 


SN75207BN 

DS75207N 


SN75207J 


DS75207J 

SN75208BJ 

DS75208J 


SN75208J 


DS75208J. 

SN75208N 


DS75208N 

SN75325J 

DS75325J 


SN75325N 

DS75325N 


SN75361AJG 

DS75361J-8 


SN75361AP 

DS75361N 


SN75365J 

DS75365J 


SN75365N 

DS75365N 


SN75369J 


DS0026CJ-8 

SN75369N 


DS0026CN 

SN75437ANE 

DS3658N 


SN75437NE 

DS3658N 


SN75450BJ 

DS75450J 


SN75450BN 

DS75450N 


SN75451BJG 

DS75451J-8 


SN75451BP 

DS75451N 


SN75452BJG 

DS75452J-8 


SN75452BP 

DS75452N 


SN75453BJG 

DS75453J-8 


SN75453BP 

DS75453N 


SN75454BJG 

' DS75454J-8 


SN75454BP 

DS75454N 


SN75461JG 

DS75461J-8 


SN75461P 

DS75461N 


SN75462JG 

DS75462J-8 


SN75462P 

DS75462N 


SN75463JG 

DS75463J-8 


SN75463P 

DS75463N 


SN75464JG 

DS75464J-8 


SN75464P 

DS75464N 


SN75471JG 


DS3611J-8 

SN75471P 


DS3611N 

SN75472JG 


DS3612J-8 

SN75472P 


DS3612N 

SN75473JG 


DS3613J-8 

SN75473P 


DS3613N 

SN75474JG 


DS3614J-8 

SN75474P 


DS3614N 

SN75477JG 


DS3612J-8 

SN75477P 


DS3612N 

SN75480N 

DS8880N 


SN75491AN 


DS75491N 

SN75491N 

DS75491N 


SN75492AN 


DS75492N 

SN75492J 

DS75492J 


SN75492N 

DS75492N 


SN75494N 


DS75494N 

N8T13J 

DS75121J 


N8T13N 

DS75121N 


N8T14J 

DS75122J 


N8T14N 

DS75122N 


N8T23J 

DS75123J 


N8T23N 

DS75123N 


N8T24J 

DS75124J 


N8T24N 

DS75124N 


N8T26AJ 

DS8T26AJ 


N8T26AN 

DS8T26AN 


DS8820AJ 

DS8820AJ 


DS8820AN 

DS8820AN 


DS8830J 

DS8830J 


DS8830N 

DS8830N 


DS8831J 

DS8831J 


DS8831N 

DS8831N 


DS8832J 

DS8832J 


DS8832N 

DS8832N 
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INTRODUCTION 

The short and long term reliability of National 
Semiconductor’s interface circuits, like any integrated cir- 
cuit, is very dependent on its environmental condition. 
Beyond the mechanical/environmental factors, nothing 
has a greater influence on this reliability than the elec- 
trical and thermal stress seen by the integrated circuit. 
Both of these stress issues are specifically addressed on 
every interface circuit data sheet, under the headings of 
Absolute Maximum Ratings and Recommended Operat- 
ing Conditions. 

However, through application calls, It has become clear 
that electrical stress conditions are generally more under- 
stood than the thermal stress conditions. Understanding 
the importance of electrical stress should never be re- 
duced, but clearly, a higher focus and understanding must 
be placed on thermal stress. Thermal stress and its appli- 
cation to interface circuits from National Semiconductor 
is the subject of this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting 
failure rate versus time. Similar to all system hardware 
(mechanical or electrical) the reliability of interface inte- 
grated circuits conform to this curve. The key issues asso- 
ciated with this curve are infant mortality, failure rate, and 
useful life. 



EARLY LIFE USEFUL LIFE WEAROUT TIME 


TL/F/5280-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time tO to t1 
(early life), is greatly Influenced by system stress condi- 
tions other than temperature, and can vary widely from 
one application to another. The main stress factors that 
contribute to Infant mortality are electrical transients and 
noise, mechanical maltreatment and excessive tempera- 
tures. Most of these failures are discovered in device test, 
burn-in, card assembly and handling, and initial system 
test and operation. Although important, much literature is 
available on the subject of infant mortality in integrated 
circuits and is beyond the scope of this application note. 


Failure rate Is the number of devices that will be expected 
to fail in a given period of time (such as, per million hours). 
The mean time between failure (MTBF) is the average time 
(in hours) that will be expected to elapse after a unit has 
failed before the next unit failure will occur. These two 
primary “units of measure” for device reliability are in- 
versely related: 

MTBF = -=-Tr-!-5— 

Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fall per-unit-time during the flat 
portion of the curve. This area, called the useful life, ex- 
tends between t1 and t2 or from the end of infant mortality 
to the onset of wearout. The useful life may be as short as 
several years but usually extends for decades if adequate 
design margins are used in the development of a system. 

Many factors influence useful life including: pressure, 
mechanical stress, thermal cycling, and electrical stress. 
However, die temperature during the device’s useful life 
plays an equally important role in triggering the onset of 
wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates 
and time and temperature Is a well established fact. The 
occurrence of these failures is a function which can be 
represented by the Arrhenius Model. Well validated and 
predominantly used for accelerated life testing of inte- 
grated circuits, the Arrhenius Model assumes the degra- 
dation of a performance parameter is linear with time and 
that MTBF Is a function of temperature stress. The tem- 
perature dependence is an exponential function that 
defines the probability of occurrence. This results in a for- 
mula for expressing the lifetime or MTBF at a given tem- 
perature stress in relation to another MTBF at a different 
temperature. The ratio of these two MTBFs is called the 
acceleration factor F and is defined by the following 
equation: 



Where: XI = FallurerateatjunctiontemperatureTI 
X2 = Failure rate at junction temperature T2 
T = Junction temperature In degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K= Boltzman’s constant 
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However, the dramatic acceleration effect of junction 
temperature (chip temperature) on failure rate is illus- 
trated In a plot of the above equation for three different 
activation energies in Figure 2. This graph clearly demon- 
strates the importance of the relationship of junction 
temperature to device failure rate. For example, using the 
0.99 ev line, a 30 degree rise in junction temperature, say 
from 130®C to 160*C, results in a 10 to 1 increase In failure 
rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 
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FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capabil- 
ity of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out 
of the integrated circuit package. This is illustrated by 
Figures 3 and 4. 

Figure 3 shows a cross-sectional view of an assembled In- 
tegrated circuit mounted into a printed circuit board. 


Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit, 
flows from the chip to the ultimate heat sink, the ambient 
environment. There aretwo predominant paths. The'first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed cir- 
cuit board and then to the ambient. The second path is 
from the package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in 
device thermal characteristics. However, grouping all 
these characteristics into one equation determining the 
overall thermal capability of an integrated circuit/pack- 
age/environmental condition is possible. The equation 
that expresses this relationship is: 

Tj = Ta + Pd (^ja) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity of the 
device 

Pd = Total power dissipation (In watts) 

0JA = Thermal resistance junction-to-ambient 

0JA, the thermal resistance from device junction-to-ambi- 
ent temperature, is measured and specified by the manu- 
facturers of integrated circuits. National Semiconductor 
utilizes special vehicles and methods to measure and 
monitor this parameter. All interface circuit data sheets 
specify thethermal characteristics and capabilities of the 
packages available for a given device under specific con- 
ditions— these package power ratings directly relate to 
thermal resistance junction-to-ambient or0jA. 

Although National provides these thermal ratings, it is 
critical that the end user understand how to use these 
numbers to improve thermal characteristics in the 
development of his system using interface components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/F/5280-4 


FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING JUNCTION 
TEMPERATURE 

From the above equation the method of determining ac- 
tual worst-case device operating junction temperature 
becomes straightforward. Given a package thermal char- 
acteristic, 0JA, worst-case ambient operating tempera- 
ture, TA(max), the only unknown parameter is device power 
dissipation, Pq. In calculating this parameter, the dissipa- 
tion of the integrated circuit due to its own supply has to 
be considered, the dissipation within the package due to 
the external load must also be added. The power associ- 
ated with the load in a dynamic (switching) situation must 
also be considered. For example, the power associated 
with an inductor or a capacitor in a static versus dynamic 
(say, 1 MHz) condition is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal 
resistance of 63°C/W is 108°C: 

Tj = 70°C + (63°C/W) X (O.eW) = 108X 
The next obvious question is, how safe is 108°C? 


MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 

What is an acceptable maximum operating junction tem- 
perature is in itself somewhat of a difficult question to 
answer. Many companies have established their own 
standards based on corporate policy. However, the semi- 
conductor industry has developed some defacto stand- 
ards based on the device package type. These have been 
well accepted as numbers that relate to reasonable (ac- 
ceptable) device lifetimes, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, 

I the maximum allowable junction temperature is 150°C. 
j For these devices assembled in ceramic or cavity DIP 
packages, the maximum allowable junction temperature 
is 175'’C. The numbers are different because of the dif- 
ferences in package types. The thermal strain associated 
with the die package interface in a cavity package is much 
less than that exhibited in a molded package where the in- 
tegrated circuit chip is in direct contact with the package 
material. 

Let us use this new information and our thermal equation 
to construct a graph which displays the safe thermal 
(power) operating area for a given package type. Figure 5\s 
an example of such a graph. The end points of this graph 
are easily determined. For a 16-pin molded package, the 
maximum allowable temperature is 150°C; at this point no 
power dissipation is allowable. The power capability at 
25“C is 1.98W as given by the following calculation: 

P,@25“C = ^ ^ 

fiQopii/ii I.C7UVW 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is 
referred to as the derating factor. 

Derating Factor = 

PJA 

As mentioned. Figure 5 is a plot of the safe thermal 
operating area for a device in a 16-pin molded DIP. As long 
as the intersection of a vertical line defining the maximum 
ambient temperature (70°C in our previous example) and 
maximum device package power (600 mW) remains below 
the maximum package thermal capability linethe junction 
temperature will remain below 150°C— the limit for a 
molded package. If the intersection of ambient tempera- 
ture and package power fails on this line, the maximum 
junction temperature will be ISO^C. Any intersection that 
occurs above this line will result in a junction temperature 
in excess of 150"C and is not an appropriate operating 
condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 
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FIGURE 5. Package Power Capability vs Temperature 

The thermal capabilities of all interface circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25®C, reduce 
the package power capability stated by the derating factor 
which is expressed in mW/X. For our example— a of 
63°C/W relates to a derating factor of 15.9 mW/X. 

FACTORS INFLUENCING PACKAGE THERMAL 
RESISTANCE 


As discussed earlier, improving any portion of the two 
primary thermal flow paths will result in an improvement 
In overall thermal resistance junction-to-ambient. This 
section discusses those components of thermal resist- 
ance that can be influenced by the manufacturer of the 
integrated circuit. It also discusses those factors in the 
overall thermal resistance that can be impacted by the end 
user of the integrated circuit. Understanding these issues 
will go a long way in understanding chip power capabili- 
ties and what can be done to insure the best possible oper- 
ating conditions and, thus, best overall reliability. 
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Die Size 

F/gffyre6showsagraphof our16-pin DIPthermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases— 
this relates directly to having a larger area with which to 
dissipate a given power. 

Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame— these are lead frame materials commonly used In 
the industry. Obviously the thermal conductivity of the 
lead frame material has a significant impact in package 
power capability. Molded interface circuits from National 
Semiconductor use the copper lead frame exclusively. 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a 
result of this, the graph of Figure 8 comes as no surprise. 
This compares the thermal resistance of our 16-pin pack- 
age soldered into a printed circuit board (board mount) 
compared to the same package placed in a socket (socket 
mount). Adding a socket In the path between the PC board 
and the device adds another stage in the thermal flow 
path, thus increasing the overall thermal resistance. The 
thermal capabilities of National Semiconductor’s inter- 
face circuits are specified assuming board mount condi- 
tions. If the devices are placed In a socket the thermal 
capabilities should be reduced by approximately 5% to 
10 %. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL^) 

TL/F/5280-6 

FIGURE 6. Thermal Resistance vs Die Size 



1 2 3 4 5 6 7 8910 

DIE SIZE (klVIlL^) 

TL/F/5280-8 

FIGURE 8. Thermal Resistance vs Board or Socket Mount 


Air Flow 

When a high power situation exists and the ambient tem- 
perature cannot be reduced, the next best thing is to pro- 
vide air flow In the vicinity of the package. The graph of 
Figure 9 illustrates the impact this has on thermal resist- 
ance. This graph plots the relative reduction in thermal 
resistance normalized to the still air condition for our 
16-pin molded DIP. The thermal ratings on National 
Semiconductor’s interface circuits data sheets relate to 
the still air environment. 


Other Factors 

A number of other factors Influence thermal resistance. 
The most important of these Is using thermal epoxy In 
mounting ICs to the PC board and heat sinks. Generally 
these techniques are required only in the very highest of 
power applications. 

Some confusion exists between the difference in thermal 
resistance junction-to-amblent ($j^ and thermal resist- 
ance junction-to-case (^jc). The best measure of actual 
junction temperature is the junction-to-amblent number 
since nearly all systems operate in an open air environ- 
ment. The only situation where thermal resistance junc- 
tion-to-case Is Important is when the entire system is im- 
mersed in a thermal bath and the environmental tempera- 
ture is indeed the case temperature. This Is only used in 
extreme cases and Is the exception to the rule and, for this 
reason. Is not addressed in this application note. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMlL^) 


TL>F/5280-7 

FIGURE 7. Thermal Resistance vs Lead Frame Material 



AIR FLOW (LINEAR FEET/ MINUTE) 

TL/F/5280-9 

FIGURE 9. Thermal Resistance vs Air Flow 
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NATIONAL SEMICONDUCTOR PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure 77 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, 
thermal resistance trend will be noticed in these graphs. 
As the number of device pins increase in a DIP the thermal 
resistance decreases. Referring back to the thermal flow 
chart, this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Interface Prod- 
ucts define power dissipation (thermal) capability. This In- 
formation can be found in the Absolute Maximum Ratings 
section of the data sheet. The thermal information shown 
in this application note represents average data for char- 
acterization of the indicated package. Actual thermal 
resistance can vary from ± 10% to ± 15% due to fluctua- 
tions in assembly quality, die shape, die thickness, 
distribution of heat sources on the die, etc. The numbers 
quoted in the interface data sheets reflect a 15% safety 

Molded (N Package) DIP* 

Copper Leadframe— HTP 
Die Attach Board Mount— 



1 2 3 4 5 6 7 8 910 

DIE SIZE (kMIL^) 

* Packages from 8 to 20-pin 0.3 mil width ' 

22-pin 0.4 mil width 
24 to 40-pin 0.6 mil width 

TUF/5280-10 

FIGURE 10. Thermal Resistance 
vs Die Size vs Package Type 
(Molded Package) 


margin from the average numbers found In this applica- 
tion note. Insuring that total package power remains under 
a specified level will guarantee that the maximum junction 
temperature will not exceed the package maximum. 

The package power ratings are specified as a maximum 
power at 25®C ambient with an associated derating factor 
for ambient temperatures above 25®C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25“C should be reduced by the derating 
factor for every degree of ambient temperature above 
25®C. For example, in a given product data sheet the fol- 
lowing will be found: 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

‘Derate cavity package at 10 mW/°C above 25'’C; derate 
molded package at 11.8 mW/°C above 25'’C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 

Pd @ 70°C = 1 476 mW - (1 1 .8 mW/°C) x (TOX - 25°C) 

= 945mW 

Cavity (J Package) DIP* 

Poly Die Attach Board 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL^) 

* Packages from 8 to 20-pin 0.3 mil width 
22-pin 0.4 mil width 
24 to 48-pin 0.6 mil width 

TUF/5280-11 

FIGURE 11. Thermal Resistance 
vs Die Size vs Package Type 
(Cavity Package) 
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Industry Package Cross-Reference Guide 


^ National 

Semiconductor 


Industry Package 
Cross-Reference Guide 


Signetics 


Motorola 


RCA 


Silicon 

General 


Raytheon 


jnn r u in nrL 


TJOtJOOIJlT 


14/16 Lead 
Glass/Metal DIP 


D, 

M 


Glass/Metal 

Flat-Pack 


F, 

S 





TO-99, TO-100,TO-5 


T, 

K, 

L, 
DB 


S* 

V1^ 


JTTLrLrLnjnri. 


. 8, 14 and 16-Lead 
'UUaUUUU' LowTemperature 


Ceramic DIP 


DC, 

DD 


TO-3 


(Steel) 


(Aluminum) 


KS 


DA 


.LK, 

TK 


pjTnn, 


□ 

trULTU' 


8. 14 and 16 Lead 
Plastic DIP 


V, 

A, 

B 


P, 

N 


M, 

N 


PC 


N. 

DN, 

DP, 

MP 


*With dual-in-line formed leads. 
**With radially formed leads. 
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Introduction 


GENERAL 

This generic Schottky PROM family by National Semiconductor makes available to the industry one of the widest selec- 
tions in sizes and organizations. Four-bit wide PROMs are provided with 256 to 4096 words in pin compatible 16 and 18 pin 
dual-in-line packages. The 8-bit wide devices range from 32 to 4096 words in a variety of packages. Being ‘generic,’ all 
PROMs share a common programming algorithm. 

TITANIUM-TUNGSTEN FUSES 

National’s new Programmable Read-Only Memories (PROMs) feature titanium-tungsten (Ti:W) fuse links designed to 
program efficiently with only 10.5 Volts applied. The high performance and reliability of these PROMs are the result of 
fabrication by a Schottky bipolar process, of which the titanium-tungsten metalization is an integral part, and the use of an 
on-chip programming circuit. 

A major advantage of the titanium-tungsten fuse technology is the low programming voltage of the fuse links. At 10.5 Volts, 
this virtually eliminates the need for guard-ring devices and wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die and to reduce parasitics. The device is designed to ensure that 
worst-case fuse operating current is low enough for reliable long-term operation. The Darlington programming circuit is 
liberally designed to insure adequate power density for blowing the fuse links. The complete circuit design is optimized to 
provide high performance over the entire operating ranges of Vcc and temperature. 

TESTABILITY 

The Schottky PROM die includes extra rows and columns of fusable links for testing the programmability of each chip. 
These test fuses are placed at the worst-case chip locations to provide the highest possible confidence In the 
programming tests in the final product. A ROM pattern is also permanently fixed in the additional circuitry and coded to 
provide a parity check of input address levels. These and other test circuits are used to test for correct operation of the row 
and column-select circuits and functionality of input and enable gates. AH test circuits are available at both wafer and 
assembled device levels to allow 100% functional and parametric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the TI:W PROMs are subjected to an on-going reliability evaluation by the Reliability 
Assurance Department. These evaluations employ accelerated life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and thermal shock. To date, nearly 7.4 million Schottky Ti:W PROM 
device hours have been logged, with samples in Epoxy B molded DIP (N-package) and CERDIP (J-package). Device 
performance In all package configurations is excellent. 
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Size 



DIP 

Part 

TAA 

TEA 

ICC 

Temperature 

(Bits) 

Organization 

(Pins) 

Number 

(Max) in nS 

(Max) in nS 

(Max) in mA 

Celsius 

256 

32x8 

OC 

16 

DM54S188 

45 

30 

110 

-55 to +125 


32x8 

OC 

16 

DM74S188 

35 

20 

110 

0 to +70 


32x8 

TS 

16 

DM54S288 

45 

30 

110 

-55 to +125 


32x8 

TS 

16 

DM74S288 

35 

20 

110 

0 to +70 

1024 

256 x4 

OC 

16 

DM54S387 

60 

30 

130 

-55 to +125 


256x4 

OC 

16 

DM74S387 

50 

25 

130 

0 to +70 


256x4 

TS 

16 

DM54S287 

60 

30 

130 

-55 to +125 


256 X 4 

TS 

16 

DM74S287 

50 

25 

130 

0 to +70 

2048 

512x4 

OC 

16 

DM54S570 

65 

35 

130 

-55 to +125 


512x4 

OC 

16 

DM74S570 

55 

30 

130 

0 to +70 


512x4 

TS 


DM54S571 

65 

35 

130 

-55 to +125 


512x4 

TS 

16 

DM74S571 

55 

30 

130 

0 to +70 


512x4 

X)C 

16 

DM54S570A 

60 

35 

130 

-55 to +125 


512x4 

OC 

16 

DM74S570A 

45 

25 

130 

0 to +70 


512x4 

TS 

16 

DM54S571A 

60 

35 

130 

-55 to +125 


512 x 4 

TS 

16 

DM74S571A 

45 

25 

130 

0 to +70 


512 x 4 

TS 

16 

DM54S571B 

50 

35 

130 

-55 to +125 


512x4 

TS 

16 

DM74S571B 

35 

25 

130 

0 to +70 


256 x 8 

TS 

20 

DM54LS471 

70 

35 

100 

-55 to +125 


256x8 

TS 

20 

DM74LS471 

60 

30 

100 

0 to +70 

4096 

512x8 

OC 

20 

DM54S473 

75 

35 

155 

-55 to +125 


512 X 8 

OC 

20 

DM74S473 

60 

30 

155 

0 to +70 


512 X 8 

TS 

20 

DM54S472 

75 

35 

155 

-55 to +125 


512x8 

TS 

20 

DM74S472 

60 

30 

155 

0 to +70 


512x8 

OC 

20 

DM54S473A 

60 

35 

155 

-55 to +125 


512 X 8 

OC 

20 

DM74S473A 

45 

25 

155 

0 to +70 


512x8 

TS 

20 

DM54S472A 

60 

35 

155 

-55 to +125 


512x8 

TS 

20 

DM74S472A 

45 

25 

155 

0 to +70 


512x8 

TS 

20 

DM54S472B 

50 

35 

155 

-55 to +125 


51 2 X 8 

TS 

20 

DM74S472B 

35 

25 

155 

0 to +70 


512x8 

OC 

24 

DM54S475 

75 

40 

170 

-55 to +125 


512x8 

OC 

24 

DM74S475 

65 

35 

170 

0 to +70 


512x8 

TS 

24 

DM54S474 

75 

40 

170 

-55 to +125 


512x8 

TS 

24 

DM74S474 

65 

35 

170 

0 to +70 


512 X 8 

OC 

24 

DM54S475A 

60 

35 

170 

-55 to +125 


512 X 8 

OC 

24 

DM74S475A 

45 

25 

170 

0 to +70 


512x8 

TS 

24 

DM54S474A 

60 

35 

170 

-55 to +125 


512x8 

TS 

24 

DM74S474A 

45 

25 

170 

0 to +70 


512 X 8 

TS 

24 

DM54S474B 

50 

35 

170 

-55 to +125 


512x8 

TS 

24 

DM74S474B 

35 

25 

170 

0 to +70 


512x8 

REG 

24* 

DM77SR474 

40** 

30 

185 

-55 to +125 


512x8 

REG 

24* 

DM87SR474 

35** 

25 

185 

Oto +70 


512x8 

REG 

24* 

DM77SR476 

40** 

30 

185 

-55 to +125 


512x8 

REG 

24* 

DM77SR25 

40** 

30 

185 

-55 to +125 


512x8 

REG 

24* 

DM87SR476 

35** 

25 

185 

0 to +70 


512x8 

REG 

24* 

DM87SR25 

35** 

25 

185 

0 to +70 


1024 X 4 

OC 

18 

DM54S572 

75 

45 

140 

-55 Jo +125 


1024 X 4 

OC 

18 

DM74S572 

60 

35 

140 

0 to +70 


1024x4 

TS 

18 

DM54S573 

75 

45 

140 

-55 to +125 


1024 X 4 

TS 

18 

DM74S573 

60 

35' 

140 

0 to +70 


1024 X 4 

OC 

18 

DM54S572A 

60 

35 

140 

-55 to +125 


1024 X 4 

OC 

18 

DM74S572A 

45 

25 

140 

0 to +70 


1024 X 4 

TS 

18 

DM54S573A 

60 

35 

140 

-55 to +125 


1024 X 4 

TS 

18 

DM74S573A 

45 

25 

140 

0 to +70 


1024 X 4 

TS 

18 

DM54S573B 

50 

35 

140 

-55 to +125 

* - 

1024x4 TS 18 DM74S573B 

24 Pin Narrow Dual Inline Package 

Set up Time 

35 

25 

140 

0 to +70 
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Size 


DIP 

Part 

TAA TEA 

ICC 

Temperature 


(Bits) Organization 

(Pins) 

Number 

(Max) in nS (Max) in nS (Max) In mA 

Celsius 


8192 1024 X 8 

oc 

24 

DM77S180 

75 

35 

170 

-55 to +125 


1024 X 8 

TS 

24* 

DM77S280 

75 

35 

170 

-55 to +125 


1024 X 8 

OC 

24 

DM87S180 

55 

30 

170 

0 to +70 


1024 X 8 , 

TS 

24* 

DM87S280 

55 

30 

170 

0 to +70 


1024 X 8 

OC 

24 

DM77S181 

75 

35 

170 

-55 to +125 


1024 X 8 

TS 

24* 

DM77S281 

75 

35 

170 

-55 to +70 


1024 X 8 

OC 

24 

DM87S181 

55 

30 

170 

0 to +70 


1024 X 8 

TS 

24* 

DM87S281 

55 

30 

170 

0 to +70 


1024 X 8 

TS 

24 

DM77LS181 

175 

70 

100 

-55 to +125 


1024 X 8 

TS 

24 

DM87LS181 

120 

50 

100 

0 to +70 


1024 X 8 

TS 

24 

DM77S181A 

65 

35 

170 

-55 to +125 


1024 X 8 

TS 

24 

DM87S181A 

45 

30 

170 

0 to +70 


1024 X 8 

REG. 

24* 

DM77SR181 

50* 

* 30 

175 

-55 to -f 125 


1024 X 8 

REG. 

24* 

DM87SR181 

40* 

* 25 

175 

0 to +70 


2048 X 4 

OC 

18 

DM77S184 

75 

35 

140 

-55 to +125 


2048 X 4 

OC 

18 

DM87S184 

55 

30 

140 

0 to +70 


2048 X 4 

TS 

18 

DM-77S185 

75 

35 

140 

-55 to +125 


2048 X 4 

TS 

18 

DM87S185 

55 

30 

140 

0 to +70 


2048 X 4 

TS 

18 

DM77S185A 

60 

30 

140 

-55 to +125 


2048 X 4 

TS 

18 

DM87S185A 

45 

25 

140 

0 to +70 


2048 X 4 

TS 

18 

DM77S185B 

50 

30 

140 

-55 to +125 


2048x4 

TS 

18 

DM87S185B 

35 

25 

140 

0 to +70 


16384 2048 x8 

OC 

24 

DM77S190 

80 

40 

175 

-55 to +125 


2048 X 8 

TS 

24* 

DM77S290 

80 

40 

175 

-55 to +125 


2048 X 8 

OC 

24 

DM87S190 

65 

30 

175 

0 to +70 


2048 X 8 

TS 

24* 

DM87S290 

65 

30 

175 

0 to +70 


2048 X 8 

OC 

24 

DM77S191 

80 

40 

175 

-55 to +125 


2048 X 8 

TS 

24* 

DM77S291 

80 

40 

175 

-55 to +125 


2048 X 8 

OC 

24 

DM87S191 

65 

30 

175 

0 to +70 


2048 X 8 

TS 

24* 

DM87S291 

65 

30 

175 

0 to +70 


2048 X 8 

TS 

24 

DM77S191A 

60 

35 

175 

-55 to +125 


2048 X 8 

TS 

24 

DM87S191A 

45 

30 

175 

0 to +70 


2048 X 8 

TS 

24 

DM77S191B 

50 

30 

175 

-55 to +125 


2048x8 

TS 

24 

DM87S191B 

35 

25 

175 

0 to + 70 


4096 X 4 

TS 

20 

DM77S195A 

60 

30 

170 

-55 to +125 


4096x4 

TS 

20 

DM87S195A 

45 

25 

170 

0 to + 70 


4096 X 4 

TS 

20 

DM77S195B 

50 

30 

170 

-55 to +125 


4096x4 

TS 

20 

DM87S195B 

35 

25 

170 

0 to ,+ 70 


32768 4096 x 8 

TS 

24 

DM77S321 

65 

35 

185 

-55 to +125 


4096 X 8 

TS 

24 

DM87S321 

55 

30 

185 

Oto +70 


4096x8 

TS 

24* 

DM77S421 

65 

35 

185 

-55 to +125 


4096 X 8 

TS 

24* 

DM87S421 

55 

30 

185 

0 to +70 


Absolute Maximum Ratings (NoteD 


Operating Conditions 










Min Max 

Units 

Supply Voltage (Note 2) 



-0.5 to +7.0V 


Supply Voltage (Vcc) 




Input Voltage (Note 2) 



-1.2 to +5.5V 





Output Voltage (Note 2) 



-0.5 to +5.5V 


Military 


4.50 5.50 

V 

Storage Temperature 



-65 to +150C 


Commercial 


4.75 5.25 

V 

Lead Temperature (10 seconds) 


300C 


Ambient Temperature (T/O 








Military 


-55 +125 

°c 

* — 24 Pin Narrow Dual Inline Package 



Commercial 


0 +70 

•’C 

** - Set up Time 





Logical “0”. Input Voltage 

0 0.8 

V 





Logical “1” Input Voltage 

2.0 5.5 

V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 
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DM54/74S188, DM54/74S288 


National Bipolar PROMs 

Semiconductor 

DM54/74S188, DM54/74S288 
(32 X 8) 256-Bit 7TL PROMs 

Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

B Schottky-clamped for high speed 
Address access— 22ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE^“ programming 

Open- 

Military I Commercial Collector TRI-STATE Package 

N,J 

X N,J 

J 

X J 


Block and Connection Diagram 



Order Number; 

DM74S188 N or DM74S288 N 
See NS Package N16A 


Order Number; 
DM74S188J.DM74S288J, 
DM54S188 J, DM54S288 J 
See NS Package J16A 


DM74S188 X X 

DM74S288 X 

DM54S188 X X 

DM54S288 X 


General Description 

These Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable Input is 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 
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DC Electrical Characteristics (Note 3i 


Sym 

Parameter 

Conditions 

DM54S188/288 

DM74S188/288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

M 

l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 



25 I 



25 

mA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

_J 

o 

> 

Lov\/ Level Output Voltage 

Vcc = Min, Iql = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

•oz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, Vcex = 2.4V 



50 



50 

ma 

Vcc ~ Max, VcEX = 5.5V 



100 



100 

mA 

Vc 

Input Clamp Voltage 

Vcc = Min, l|N = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25C. 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1MHz, Outputs Off 


6.0 



6.0 


PF 

*CC 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 


70 

110 


70 

110 

mA 


TRI-STATE® Parameters 


•os 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

bz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

mA 



-50 



-50 

mA 

I 

o 

> 

Output Voltage High 

loH = -2.0mA 

2.4 

3.2 





V 

Iqh “ ~ 6.5mA 




2.4 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S188/288 

DM74S188/288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


22 

45 


22 

35 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

30 


15 

20 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

25 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

30 


15 

20 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

35 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S188. DM54/74S288 



DM54/74S387, DM54/74S287 


National 
Semiconductor 

DM54/74S387, DM54/74S287 
(256 X 4) 1024-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
256 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TR I -STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


Bipolar PROMs 


Features 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 35ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP Inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFB” programming 




Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S387 


X 

X 


N,J 

DM74S287 


X 


X 

N,J 

DM54S387 

X 


X 


J 

DM54S287 

X 

1 


X 

J 


Block and Connection Diagram 


A3 


A2 

A1 

AO 



GATE 



vcc 

A7 

E2 

ri 

01 

02 

03 

04 


Order Number: Order Number; 

DM74S387 J, DM74S287 J, DM74S387 N or DM74S287 N 

DM54S387 J, DM54S287 J See NS Package N16A 

See NS Package J16A 
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DC Electrical Characteristics (Notes) 


Sym 

Parameter 

Conditions 

DM54S387/287 

DM74S387/287 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

mA 

IlH 

Input Leakage Current 

Vcc = Max, V,N = 2.7V 



25 



25 

fiA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql ~ 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80- 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

•oz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, Vcex = 2.4V 



50 



50 

MA 

Vcc = Max, Vcex = 5.5V 



100 



100 

mA 

vc 

Input Clamp Voltage 

Vcc = Min, l|N = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25C, IMHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 


80 

130 


80 

130 

mA 


TRI-STATE® Parameters 


•os 

Short Circuit. 

Output Current 

Vo = OV, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

juA 



-50 



-50 

mA 

I 

o 

> 

Output Voltage High 

loH = -2.0mA 

2.4 

3.2 





V 

loH = 6.5mA 




2.4 

3.2 


V 


AC ElectriCSl Charact6ristics (With standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S387/287 

DM74S387/287 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time ■ 

TAVQV 


35 

60 


35 

50 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

30 


15 

25 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

30 


15 

25 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

30 


15 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

30 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S387, DM54/74S287 




DM54/74S570, DM54/74S571, DM54/74S570A, 
DM54/74S571A, DM54/74S571B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S570, DM54/74S571; DM54/74S570A, 
DM54/74S571A; DM54/74S571B 
(512 X 4) 2048-Bit TTL PROMs 

General Description Features 


These Schottky memories are organized in the popular 
51 2 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 30ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced Input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE"“ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S570 


X 

X 


N,J 

DM74S571 


X 


X 

N,J 

DM54S570 

X 


X 


J 

DM54S571 

X 



X 

J 


Block and Connection Diagram 



BUFFER 


US- 



AS — 


15 A7 

A4l 


Has 

A3 - 



A0± 


i5oi 

All 



A2i 


12,3 

6ND 1 


-^04 


Order Number; 

DM74S570 J. DM74S571 J, 
DM54S570 J, or DM54S571 J 
See NS Package J16A 


Order Number; 

DM74S570 N or DM74S571 N 
See NS Package N16A 
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DC Electrical Characteristics (Note si 


Sym 

Parameter 

( 

Conditions 

DM54S570/571 

DM74S570/571 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, ViN = 0.45V 

1 

-80 

-250 


-80 

-250 

mA 

l|H 

Input Leakage Current 

Vcc = Max, V|n = 2.7V 



25 



25 

mA 



Vcc = Max, ViN = 5.5V 

! 


1.0 



1.0 

mA 

_J 

o 

> 

Low Level Output Voltage 

Vcc = Min, Iql = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 i 



2.0 



V 

loz 

Output Leakage Current 

Vcc = Max. Vcex = 2.4V 



50 



50 

MA 


(Open-Collector Only) 

Vcc = Max, Vcex = 5.5V 

1 


100 



100 

pA 

vc 

Input Clamp Voltage 

Vcc = Min, l|N = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1MHz, Outputs Off 


6.0 



6.0 


PF 

■cc 

Power Supply Current 

Vcc= Max, Inputs Grounded 

All Outputs Open 


90 

130 


90 

130 

mA 


TRI-STATE® Parameters 


los 

Short Circuit 

Output Current 

Vo="0V, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

mA 



-50 



-50 

mA 

X 

o 

> 

Output Voltage High 

Iqh = -2.0mA 

2.4 

3.2 





V 

Iqh = 6.5mA 




2.4 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S570/571 

DM74S570/571 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVOV 


40 

65 


40 

55 

ns 

TEA 

Enable Access Time 

TEVQV 


20 

35 


20 

30 

ns 

TER 

Enable Recovery Time 

TEXQX 


20 

35 


20 

30 

ns 

TZX 

Output Enable Time 

TEVQX 


HI 

35 


20 

30 

ns 

TXZ 

Output Disable Time 

TEXQZ 


1 20 1 

35 


HI 

■cm 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DIVI54S571A, B/570A 

DM74S571A, B/570A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 

571A/570A 


30 

60 


30 

45 

ns 




571 B 


30 

50 


30 

35 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

35 


15 

25 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

25 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ ' 


15 

35 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = S.OV and = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S570, DM54/74S571, DM54/74S570A, 
DM54/74S571A, DM54/74S571B 


DM54/74LS471 




National 

Semiconductor 


DM54/74LS471 

(256 X 8) 2048-Bit TTL PROMs 


Bipolar PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
256 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF” or high impedance state. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

B Low voltage TRI-SAFB“ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 







DM74LS471 


X 


X 

N,J 







DM54LS471 

X 



X 

J 


Block and Connection Diagram 


A2 

A3 

A4 




BUFFER 


02 


Order Number; 
DM74LS471 J, 
DM54LS471 J, 

See NS Package J20B 


Order Number; 
DM74LS471 N 
See NS Package N20A 


21-12 



















DC Electrical Characteristics (Notes) 


Sym 

Parameter 

Conditions 

DM54LS471 

DM74LS471 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

mA 

l|H 

Input Leakage Current 

Vcc = Max. V|N = 2.7V 



25 



25 

A^A 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

_j 

O 

> 

Low Level Output Voltage 

Vqc = Min, loL ~ 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

Vc 

Input Clamp Voltage 

Vcc = Min, l|N = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|n = 2.0V 

Ta = 25C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

Icc 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 


75 

100 


75 

100 

mA 


TRI-STATE® Parameters 


Ics 

Short Circuit 

Output Current 

Vc = OV, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

rnA 

■cz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vc = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

mA 



-50 



-50 

mA 

X 

o 

> 

Output Voltage High 

IcH = "2.0mA 

2.4 

3.2 





V 

IcH = 6.5mA 




2.4 

3.2 


V 


AC El6CtriC3l ChdrdCtGristiCS (With standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54LS471 

DM74LS471 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


45 

70 


40 

60 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

35 


15 

30 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

30 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

30 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

35 


15 

30 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V^c = 5.0V and = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74LS471 




DM54/74S473, DM54/74S472, DM54/74S473A, 
DM54/74S472A, DM54/74S472B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S473, DM54/74S472; DM54/74S473A, 
DM54/74S472A; DM54/74S472B 
(512 X 8) 4096-Bit TTL PROMs 

General Description Features 


These Schottky memories are organized in the popular 
51 2 words by 8 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows In all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 25ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

B Low voltage TRI-SAFP“ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S473 


X 

X 


N,J 

DM74S472 


X 


X 

N,J 

DM54S473 

X 


X 


J 

DM54S472 

X 



X 

J 


Block and Connection Diagram 



BUFFER Q8 Q7 Q6 Q5 Q4 Q3 02 Q1 



Order Number; 

DM74S473 J. DM74S472 J, 
DM54S473 J, or DM54S472 J 
See NS Package J20B 


Order Number; 

DM74S473 N or DM74S472 N 
See NS Package N20A 
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DC Electrical Characteristics (Note s) 

Sym 

Parameter 

Conditions 

DM54S473/472 

DM74S473/472 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 


-80 

-250 


-80 

-250 

mA 

l|H 

Input Leakage Current 

Vcc=Max. V|n = 2.7V 



25 



25 

yuA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

o 

> 

Low Level Output Voltage 

Vcc = Min, Iql == 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

hz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, VcEX = 2.4V 



50 



50 

ma 

Vcc = Max. Vcex = 5.5V 



100 



100 

mA 

Vc 

Input Clamp Voltage 

Vcc = Min, liN = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 

Ta = 25C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C. 1MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


110 

155 


110 

155 

mA 

TRI-STATE® Parameters 

bs 

Short Circuit 

Output Current 

Vo = OV, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

hz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

yUA 



-50 



-50 

mA 

VoH 

Output Voltage High 

loH = -2.0mA 

2.4 

3.2 





V 

loH ~ 6.5mA 




2.4 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDECSymbol 

DM54S473/472 

DM74S473/472 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


40 

75 


40 

60 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

35 


15 

30 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

30 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

30 

ns 

TXZ 

Output Disable Time 

texQz 


15 

35 


15 

30 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S473A/472A, B 

DM74S473A/472A, B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 

473A/472A 


25 

60 


25 

45 

ns 

472B 


25 

50 


25 

35 

ns 

TEA 

Enable Access Time 

1 

TEVQV 

473A/472A 


15 

35 


15 

30 

ns 

472B 


15 

35 


15 

25 

ns 

TER 

Enable Recovery Time 1 

TEXQX 

473A/472A 


15 

35 


15 

30 

ns 

472B 


15 

35 


15 

25 

ns 

TZX 

Output Enable Time ! 

TEVQX 

473A/472A 


15 

35 


15 

30 

ns 

472B 


15 

35 

1 


15 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ 

473A/472A 


15 

35 


15 

30 

ns 

472B 


15 

35 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V^q = 5.0V and - 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DI\/I54/74S473, DM54/74S472, DM54/74S473A, 
DM54/74S472A, DM54/74S472B 



DM54/74S475, DM54/74S474, DM54/74S475A, 
DM54/74S474A, DM54/74S474B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S475, DM54/74S474; DM54/74S475A, 
DM54/74S474A; DM54/74S474B 
(512 X 8) 4096-Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
512 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFP or high impedance state. The memories are avail- 
able In both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed Into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

B Schottky-clamped for high speed 
Address access— 25ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

fl PNP inputs for reduced Input loading 

B All DC and AC parameters guaranteed over 
temperature 

B Low voltage TRI-SAFB** programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S475 


X 

X 



DM74S474 


X 


X 


DM54S475 

X 


X 


J 

DM54S474 

X 



X 

J 


Block and Connection Diagram 



GATE 


06 


02 



Order Number; 

DM74S475 J. DM74S474 J. 
DM54S475 J, or DM54S474 J 
See NS Package J24A 


Order Number: 

DM74S475 N or DM74S474 N 
See NS Package N24A 
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DC Electrical Characteristics (Notes) 


Sym 

Parameter 

Conditions 

DM54S475/474 

DM74S475/474 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max. V|N = 0.45V 


-80 

-250 


-80 

-250 

aA 

l|H 

Input Leakage Current 

Vcc = Max. V|n = 2.7V 



25 



25 

mA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

< 

o 

r- 

Low Level Output Voltage 

Vcc = Min, loL = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

hz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, Vcex = 2.4V 



50 



50 

M 

Vcc "= Max, VcEX = 5.5V 



100 



100 

mA 

Vc 

Input Clamp Voltage 

Vcc = Min, liN = -18niA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|n = 2.0V 

Ta = 25C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2,0V 

Ta = 25C, 1MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 


115 

170 


115 

170 

mA 


TRI-STATE® Parameters 


bs 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

bz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 



+50 



+50 

mA 

Chip Disabled 
loH = -2.0mA 



-50 



-50 

mA 

VoH 

Output Voltage High 

2.4 

3.2. 





V 

Iqh ~ 6.5mA 




2.4 

3.2 

1 

V 


AC ElGCtriCdl ChaiBCtGristiCS (with standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S475/474 

DM74S475/474 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


40 

75 


40 

65 

ns 

TEA 

Enable Access Time 

TEVQV 


20 

40 


20 

35 

ns 

TER 

Enable Recovery Time 

TEXQX 


20 

40 


20 

35 

ns 

TZX 

Output Enable Time 

TEVQX 


20 

40 


20 

35 

ns 

TXZ 

Output Disable Time 

TEXQZ 


20 

40 


20 

35 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S475A/474A, B 

DM74S475A/474A, B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 

475A/474A 


25 

60 


25 

45 

ns 




474B 


25 

50 


25 

35 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

35 


15 

25 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

25 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

35 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S475, DM54/74S474, DM54/74S475A, 
DM54/74S474A, DM54/74S474B 



DM77/87SR474, DM77/87SR474B 



National 

Semiconductor 


Bipolar PROMs 

PRELIMINARY 


DM77/87SR474, DM77/87SR474B (512 x 8) 4k-Bit 
Registered TTL PROM 


General Description 

The DM77/87SR474 is an electrically programmable 
Schottky TTL read-only memory with D-type, master- 
slave registers on-chip. This device is organized as 512 
words by 8-bits and is available in the TRI-STATE® output 
version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of 
pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporariiy stored in a 
register. The DM77/87SR474 also offers maximal flexibil- 
ity for memory expansion and data bus control by provid- 
ing both synchronous and asynchronous output ena- 
bles. All outputs will go into the “OFF” state if the syn- 
chronous chip enable (GS) is high before the rising ^dge 
of the clock, or if the asynchronous chip enable (G) is 
held high. The outputs are enabled when ^ is brought 
low before the rising edge of the clock and G is held low. 
The GS flip-flop is designed to power up to the “OFF” 
state with the application of Vcc- 

Data is read from the PROM by first applying an address 
to inputs A0-A8. During the setup time the output of the 
array is loaded Into the master flip-flop of the data regis- 
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip- 
flop and will appear on the output if the output is en- 
abled. Following the rising edge clock transition the ad- 
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFETM is a trademark of National Semiconductor Corp. 


The DM77/87SR474 also features an initialize function, 
INIT. The initialize function provides the user with an 
extra word of programmable memory which is acce ssed 
with single pin control by applying a low on INIT. The 
initialize function is synchronous and is loaded into the 
output register on the next r ising edge of the clock. The 
unprog rammed state of the INIT is all lows, providing a 
CLEAR function when not programmed. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable synchronous register INITIALIZE 

■ 24-pin, 300 mil thin-dip package 

■ 35ns address setup and 20ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFE™ programming . 

■ All parameters guaranteed over temperature 

■ Pinout compatible with DM77SR181 (1kx8) 
Registered PROM for future expansion 


Block and Connection Diagrams 


As 

A? — 

As 1 OF 64 

. WORD 

A5 DECODER 

A4 — 

A3 


A2 — 

Ai — 1 OF 8 

' BIT 

Ao — DECODER 




i TT'i rTi~r 


1/8 MULTIPLEXER 


INITIALIZE WORD 


1" PT rr-]- r'T 


8-BlT EDGE-TRIGGERED REGISTER 





■ Vcc 
. As 
• NC 

■ G 

I iNlT (CLR) 


CK 

■ Q7 
■Q6 

■ Q5 


Order Number DM77SR474J, 
DM87SR474J, DM87SR474N, 
DM77SR474BJ, DM87SR474BJ 
or DM87SR474BN 
See NS Package J24F or N24C 


Ql 02 03 


QS 06 07 TL/L5189 
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DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

DM77SR474 

DM87SR474 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

l|L 

Input Load Current 

Vcc = Max., V,N = 0.45V 


-80 

-250 


-80 

-250 

mA 

l|H 

Input Leakage Current 

Vcc = Max., V,n = 2.7V 



25 



25 

mA 

Vcc = Max., V,n = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min., Iql “ 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

VlH 

High Level Input Voltage 


2.0 



2.0 



V 

•oz 

Output Leakage Current 

Vcc = Max., VcEX = 2.4V 



50 



50 

^,A 

Vc 

Input Clamp Voltage 

Vcc = Min., 1|N 


-0.8 

-1.2 


-0.8 

-1.2 

V 

Cl 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25°C, 1MHz 


4.0 



4.0 


. pF 

Co 

Output Capacitance 

Vcc = 5.0 V, Vo = 2.0 V ^ 

Ta = 25°C, 1 MHz, Outputs Off i 


6.0 



6.0 

1 


PF 

'cc 

Power Supply Current 

Vcc = Max., Inputs Grounded 

All Outputs Open 


135 

185 


135 

185 

mA 

TRI-STATE Parameters 

•os 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max. 

(Note 4) 

-20 


-70 

-20 


-70 

mA 

>oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max., Vo = 0.45 to 2.4V 
Chip Disabled 

-50 


+50 

-50 


+50 

/.A 

VoH 

Output Voltage High 

loH = “2.0mA 

2.4 

3.2 





V 

loH = -6.5mA 





2.4 

3^ 



V 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vgc = 5.0V and = 25°C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


Switching Characteristics 


Symbol 

Parameter 

DM77SR474 

DM87SR474 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

ts(A) 

Address to CLK (High) Setup Time 

SR474 

55 

20 


50 

20 


ns 

SR474B 

40 

20 


35 

20 


tH(A) 

Address to CLK (High) Hold Time 

0 

-5 


0 

-5 


ns 

fS(INIT) 

INIT to CLK (High) Setup Time 

30 

20 


25 

20 


ns 

tH(iNiT) 

INTf to CLK (High) Hold Time 

0 

-5 


0 

-5 


ns 

tpHL(CLK) 

tpLH(CLK) 

Delay from CLK (High) to Output (High or Low) 

SR474 


15 

30 


15 

27 

ns 

SR474B 


15 

25 


15 

2b 

tWH(CLK) 

tWL(CLK) 

CLK Width (High or Low) 

25 

13 


20 

13 


ns 

tS(^) 

^ to CLK (High) Setup Time 

10 

0 


10 

0 


ns 

tH(^) 

^ to CLK (High) Hold Time 

5 

0 


5 

0 


ns 

tpZL(CLK) 

tpZH(CLK) 

Delay from CLK (High) to Output Active (High or Low) 


20 

35 1 


20 

30 

ns 

tpZL(^) 

fpZH(G) 

Delay from G (Low) to Output Active (High or Low) 


15 

30 


15 

25 

ns 

tpLZ(CLK) 

tpHZ(CLK) 

Delay from CLK (High) to Output Inactive (TRI-STATE) 


20 

35 / 


20 

30 

ns 

tpi_Z(G) 

tpHZ(^) 

Delay from G (Low) to Output Inactive (TRI-STATE) 


15 

30 


15 

25 

ns 
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DM77/87SR474, DM77/87SR474B 




DM77/87SR476, DM77/87SR25, DM77/87SR476B, DM77/87SR25B 


National 
Semiconductor 

DM77/87SR476, DM77/87SR25, 
DM77/87SR25B (512 x 8) 4k-Bit 

General Description 

The DM77/87SR476 is an electrically programmable 
Schottky TTL read-only memory with D-type, master- 
slave registers on-chip. This device is organized as 512 
words by 8-bits and is available in the TRI-STATE® output 
version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of 
pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporarily stored In a 
register. The DM77/87SR476 also offers maximal flexibil- 
ity for memory expansion and data bus control by provid- 
ing both synchronous and asynchronous output ena- 
bles. All outputs will go_into the “OFF” state if the syn- 
chronous chip enable (GS) is high before the rising ^ge 
of the clock, or if the asynchronous chip enable (G) is 
held high. The outputs are enabled when is brought 
low before the rising edge of the clock and G is held low. 
The GS flip-flop is designed to power up to the “OFF” 
state with the application of Vcc- 

Data is read from the PROM by first applying an address 
to Inputs A0-A8. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis- 
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip- 
flop and will appear on the output if the output is en- 
abled. Following the rising edge clock transition the ad- 
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

The DM77SR476also features an initialize function, IN it. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 

TRI-SAFETM is a trademark of National Semiconductor Corp. 


Bipolar PROMs 

PRELIMINARY 

DM77/87SR476B, 

Registered TTL PROM 


The initialize function provides the user with an extra 
word of programmable memory which is a ccessed with 
single pin control by applying a low on INIT. The initialize 
function is asynchronous and is loaded into the output 
register whe n iN IT is brought low. The unprogrammed 
state of the INIT is all lows, which makes jt_compatible 
with the CLEAR function on the AM27S25. PS loads ones 
into the output registers when brought low. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 

■ Functionally compatible with AM27S25 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable asynchronous INITIALIZE (SR476 only) 

■ 24-pin, 300 mil thin-dip package 

■ 35ns address setup and 20ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFE’’’'^ programming 

■ All parameters guaranteed over temperature 

■ Preset input 



Block and Connection Diagrams 



Qo Ql 02 03 04 Os Oe 0? 


A? 



24 

A6 

2 


23 

As 

3 


22 

A4 — 

4 


21 

A3 

5 


20 



6 

DM77SR476 

DM77SR25 

19 

Al — 

7 


18 

Ao — 

8 


17 

00 — 

9 


16 

0i — 

10 


15 

02 — 

11 


14 

GND — 

12 


13 


*CLR only on DM77/87SR25 


Vcc 

AB 

PS 

G 

miT(^)* 

CK 

07 

06 

05 

04 

03 


TUL5190 


Order Number DM77SR476J, 
DM77SR25J, DM77/87SR476N, 
DM77/87SR25N, DM77SR476BJ, 
DM77SR25BJ, DM77/87SR476BN 
or DM77/87SR25BN 
See NS Package J24F or N24C 
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DC Electrical Characteristics (Note s) 


Symbol 

Parameter 

Conditions 

DM77SR476, 476B 
DM77SR25, 25B 

DM87SR476, 476B 
DM87SR25, 25B 

Units 




Min. 

Typ. 

Max. 

Min. 

i Typ. 

Max. 


l|L 

Input Load Current 

Vcc = Max., V|N = 0.45V 


-80 

-250 


-80 

-250 

mA 


Input Leakage Current 

Vcc = Max., V,n = 2.7V 



25 


1 

25 

mA 

l|H 

Vcc = Max., V,n = 5.5V 



1.0 


i 

1.0 

mA 

Vql 

Low Level Output Voltage 

Vcc = Min., loL = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

VlL 

Low Level Input Voltage 




0.80 



0.80 

V 

V,H 

High Level Input Voltage 


2.0 



2.0 



V 

Iqz 

Output Leakage Current 

Vcc = Max., VcEX = 2.4V 



50 



50 

mA 

Vc 

Input Clamp Voltage 

Vcc = Min., I|N = “18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25°C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0 V, Vo = 2.0 V 

Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

■cc 

Power Supply Current 

Vcc = Max., inputs Grounded 

All Outputs Open 


135 

185 


135 

185 

mA 


TRI-STATE Parameters 


Iqs 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max. 

(Note 4) 

-20 

. 

-70 

-20 


-70 

mA 

Iqz 

Output Leakage 
(TRI-STATE) 

Vcc = Max., Vo = 0.45 to 2.4V 
Chip Disabled 

-50 

1 

+50 

-50 


+50 

mA 

Vqh 

Output Voltage High 

loH — “2.0mA 

2.4 

3.2 





V 

loH = “6.5mA 



i 

2.4 

3.2 


V 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0\/ and Ta = 25°C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


Switching Characteristics 


Symbol 

Parameter 


DM77SR476, 476B 
DM77SR25, 25B 

DM87SR476, 476B 
DM87SR25, 25B 

Units 




Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


ts(A) 

Address to CLK (High) Setup Time 

SR476, SR25 

55 

20 


50 

20 


ns 

SR476B, SR25B 

40 

20 


35 

20 


tH(A) 

Address to CLK (High) Hold Time 

0 

-5 


0 

-5 


ns 

tpHL(CLK) 

Delay from CLK (High) to Output 

SR476, SR25 


15 

30 


15 

27 

ns 

tpLH(CLK) 

(High or Low) 

SR476B, SR25B 


15 

25 


15 

20 

twH(CLK) 

twL(CLK) 

CLK Width (High or Low) 

25 

13 


25 

13 


ns 

ts(^) 

GS to CLK (High) Setup Time 

10 

0 


10 

0 


ns 

tH(^) 

^ to CLK (High) Hold Time 

5 

0 


5 

0 


ns 

tpLH(PS) 

Delay from PS (Low) to Output (High) 


20 

30 


20 

25 

ns 

tpLH{TfTiT) 

tpHUiNIT) 

Delay from INIT (Low) to Output (Low or High) 


20 

30 


20 

25 

ns 

tWL(^) 

^ Pulse Width (Low) 

15 

10 


15 

10 


ns 

twL(iNIT) 

INIT Pulse Width (Low) 

15 

10 


15 

10 



ts(PS) 

^ Recovery (High) to CLK (High) 

25 

10 


20 ! 

1 

10 


ns 

ts(ir^) , 

INiT Recovery (High) to CLK (High) 

25 

10 

1 


20 

10 


ns 

tpZL(CLK) 

tpZH(CLK) 

Delay from CLK (High) to Active Output (High or Low) 

■ 


20 

35 


20 

30 

ns 

tpZL(G) 

tpZH(G) 

Delay from G (Low) to Active Output (Low or High) 


15 

30 


15 

25 

ns 

tpLZ(CLK) 

tpHZ(CLK) 

Delay from CLK (High) to Inactive Output (TRI-STATE) 


20 

35 


20 

30 

ns 

tpLZ(G) 

tpHZ(G) 

Delay from G (High) to Inactive Output (TRI-STATE) 


15 

30 


15 

25 

ns 


21 
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DM77/87SR476, DM77/87RS25, DM77/87SR476B, DM77/87SR25B 



DM54/74S572, DMS4/74S573, DMS4/74S572A, 
DM54/74S573A, DM54/74S573B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S572, DM54/74S573; DM54/74S572A, 
DM54/74S573A; DM54/74S573B 
(1024 X 4) 4096-Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
1024 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed intaany selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

B Schottky-clamped for high speed 
Address access--25ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

B PNP inputs for reduced input loading 

B All DC and AC parameters guaranteed over 
temperature 

B Low voltage TRI-SAFF" programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S572 


X 

X 


N,J 

DM74S573 


X 


X 

N,J 

DM54S572 

X 


X 


J 

DM54S573 

X 



X 

J 


Block and Connection Diagram 



gate Q4 q 3 g2 qi 



Order Number; Order Number; 

DM74S572 J, DM74S573 J. DM74S572 N or DM74S573 N 

DM54S572 J, or DM54S573 J See NS Package N18A 

See NS Package J18A 
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DC Electrical Characteristics (Notes) 


Sym 

Parameter 

Conditions 

DM54S572/573 

DM74S572/573 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, ViN = 0.45V 


-80 

-250 


-80 

-250 

mA 

l|H 

Input Leakage Current 

Vcc = Max, ViN = 2.7V 



25 



25 

mA 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql “ 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

•oz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, Vcex = 2.4V 



50 



50 

ma 

Vcc = Max, Vcex = 5.5V 



100 



100 

mA 

vc 

Input Clamp Voltage 

Vcc ~ Min, l|N = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

Ci 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 


100 

140 


100 

140 

mA 


TRI-STATE® Parameters 


•os 

Short Circuit 

Output Current 

Vo = OV, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

mA 



-50 



-50 

pA 

Vqh 

Output Voltage High 

Iqh = -2.0mA 

2.4 

3.2 





V 

Iqh = 6.5mA 




2.4 

3.2 


V 


AC Electrical Characteristics (With standard Load and operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S572/573 

DM74S572/573 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


40 

75 


40 

60 

ns 

TEA 

Enable Access Time 

TEVQV 


20 

45 


20 

35 

ns 

TER 

Enable Recovery Time 

TEXQX 


20 

45 


20 

35 

ns 

TZX 

Output Enable Time 

TEVQX 


20 

45 


20 

35 

ns 

TXZ 

Output Disable Time 

TEXQZ 


20 

45 


20 

35 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S572A/573A, B 

DM74S572A/573A, B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 

572A/573A 


25 

60 


25 

45 

ns 




573B 


25 

50 


25 

35 

ns 

TEA 

Enable Access Time , 

TEVQV 


15 

35 


15 

25 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

25 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ 

j'M 

V \ 

15 

35 


15 

25 

ns 


I * — I 

Note 3: These limits apply over the entire operating range unless stated otherwise.' All typical values are for Vqq = S.OV and = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result 
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DM54/74S572, DM54/74S573, DM54/74S572A, 
DM54/74S573A, DM54/74S573B 
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National 

Semiconductor 


Bipolar PROMs 


DM77/87S1 80/ DM77/87S181; DM77/87S1 81 A; 
DM77/87S280/DM77/87S281; DM77/87S281A 
(1024 X 8) 8192-Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
1 024 words by 8 bits configuration. Memory enable Inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state., The memories are avail- 
able In both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming Instructions. 


■ Advanced titanium-tungsten (Tl-W) fuses 

■ Schottky-clamped for high speed 

Address access— 35ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE" programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

24-Pin 

Standard 

24-Pin 

Narrow-Dip 

DM87S180 


X 

X 


N,J 

X 


DM87S181 


X 


X 


X 


DM77S180 

X 


X 


J 

X 


DM77S181 

X 

' 


X 

J 

X 


DM87S280 


X 

X 




X 

DM87S281 


X 


X 

N,J 


X 

DM77S280 

X 


X 

IfllfllflllllB 

iiiimii 

IIHHH 


DM77S281 

X 



X 

J 


X 


Block and Connection Diagram 



GATE 


04 



Order Number; 

DM87S180J. DM87S181 J. 
DM77S180 J, DM77S181 J 
See NS Package J24A 


Order Number: 

DM87S280 J, DM87S281 J, 
DM77S280 J. DM77S281 J 
See NS Package J24C 


Order Number; 

DM87S180 N or DM87S181 N 
See NS Package N24A 


Order Number: 

DM87S280 N, or DM87S281 N 
See NS Package N24C 
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DC Electrical Characteristics (Note 3) 

Sym 

Parameter 

Conditions 

DM77S180 

DM77S280 

/181 

/281 

DM87S180/181 

DM87S280/281 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, ViN = 0.45V 


-80 

-250 


-80 

-250 

mA 

IlH 

Input Leakage Current 

Vcc = Max. V|N = 2.7V 



25 



25 

M 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

_J 

o 

> 

Low Level Output Voltage 

Vcc = Min, Iql = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max. Vcex = 2.4V 



50 



50 

MA 

Vcc = Max, VcEX = 5.5V 



100 



100 

mA 

Vc 

Input Clamp Voltage 

Vcc = Min, liN = “18niA 


-0.8 

-1.2 


-0.8 

-1-2 

V 

Cl 

Input Capacitance 

Vcc = 5.0, V|n = 2.0V 

Ta=25C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 250, 1MHz, Outputs Off 


6.0 



6.0 


pF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


115 

170 




115 

170 

mA 

TRI-STATE® Parameters 

•os 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

mA 



-50 



-50 

HA 

VOH 

Output Voltage High 

loH = -2.0mA 

2.4 

3.2 





V 

•oh = 6.5mA 




2.4 

3.2 


V 

AC ElGCtrical Chdractcristics (With standard Load and Operating Conditions) 

Sym 

Parameter 

JEDEC Symbol 

DM77S180/181 

DM77S280/281 

DM87S180/181 

DM87S280/281 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


40 

75 


40 

55 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

35 


15 

30 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

30 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

30 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

35 


15 

30 

ns 

AC Electrical Characteristics (With standard Load and operating Conditions) 

Sym 

Parameter 

JEDEC Symbol 

DM77S181A 

DM87S181A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


35 

65 


35 

45 

ns 

TEA 

Enable Access Time 

TEVQV 


15 

35 


15 

30 

ns 

TER 

Enable Recovery Time 

TEXQX 


15 

35 


15 

30 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

30 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

35 


15 

30 

ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and Tp^ = 25C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87LS181 




National 

Semiconductor 


DM77/87LS181 

(1024 X 8) 8192-Bit TTL PROMs 


Bipolar PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
1 024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state. The memories are avail- 
able In TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming Instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

B Schottky-clamped for high speed 
Address access—100ns typ 
Enable access— 35ns typ 
Enable recovery— 35ns typ 

B PNP inputs for reduced input loading 

B All DC and AC parameters guaranteed over 
temperature 

B Low voltage TRI-SAFP" programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87LS181 


X 


X 

N,J 







DM77LS181 

X 



X 

J 


Block and Connection Diagram 



Q8 07 06 05 04 03 02 01 



Order Number; 
DM87LS181-J. 
or DM77LS181^ 

See NS Package J24A 


Order Number; 
DM87LS181-N 
See NS Package N24A 


21*26 



DC Electrical Characteristics (Notes) 

Sym 

Parameter 

Conditions 

DM77LS181 

DM87LS181 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|N = 0.45V 



-150 



-100 

mA 

l|H 

Input Leakage Current 

Vcc = Max, V|n = 5.5V 



40 



50 

mA 

_J 

o 

> 

Low Level Output Voltage 

Vec ~ Min, Iql ~ 8rnA 



0.50 



0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

Vc 

Input Clamp Voltage 

Vec “ Min, 1|N = -18mA 



-1.2 



-1.2 

V 

C| 

Input Capacitance 

Vec = 5.0, V|N = 2.0V 

Ta = 25C, 1MHz 


4.0 



4.0 


pF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 



100 



100 

mA 

TRI-STATE® Parameters 

•os 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max 
(Note 4) 

-10 


-70 

-10 


-85 

mA 

loz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.5 to 5.5V 

Chip Disabled 



+50 

-50 



+40 

-40 


VoH 

Output Voltage High 

Iqh “ “1.0mA 
loH ~ 1 -OmA 

2.4 

3.2 


2.4 

3.2 



AC Electrical Characteristics (With specified Load* and Operating Conditions) 

Sym 

Parameter 

JEDEC Symbol 

DM77LS181 

DM87LS181 


Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 



120 



100 

ns 

TEA 

Enable Access Time 

TEVQV 



mm 





TER 

Enable Recovery Time 

TEXQX 



mm 



■aiM 

ns 

-yiK 


TEVQX 



70 




ns 

TXZ 

Output Disable Time 

TEXQZ 



70 



50 

ns 

Note 3: These limits apply over the entire operating range unless stated otherv/ise. All typical values are for Vqq = 5.0V and = 25C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

* o vec 

eooii > 

OUT — 1 1 

1200n^ CL = 30pF 
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DM77/87LS181 


DM77/87SR181 


National Bipolar PROMs 

Semiconductor 

DM77/87SR181 

(1024 x 8) 8 k-Bit Registered TTL PROM 


General Description 

The DM77/87SR181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master- 
slave registers oh chip. This devices is organized as 
1024-words by 8-blts and is available In the trI-state out- 
put version. Designed to optimize system performance, 
this device also substantially reduces the cost and size 
of pipelined microprogrammed systems and other 
designs wherein accessed PROM data is temporarily 
stored in a register. The DM77/87SR181 also offers maxi- 
mal flexibility for memory expansion and data bus con- 
trol by providing both synchronous and asynchronous 
output enables. All outputs will g^to the “OFF” state if 
the synchronous chip enable (GS) Is high before the 
rising e^ge of the clock, or if the asynchronous chip 
enable (G) is held high. The outputs are enabled whenjGS 
is brought low before the rising edge of the clock and G is 
held low. The GS flip-flop is designed to power up to the 
“OFF” state with the application of Vcc- 

Data is read from the PROM by first applying an address 
to Inputs A0-A9. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis- 
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip- 
flop and will appear on the output If the output is en- 
abled. Following the rising edge clock transition the ad- 
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFETM is a trademark of National Semiconductor Corp. 

Block Diagram 



00 Q1 02 03 04 05 06 07 TL/5204 


The DM77SR181 also features an initialize function INIT. 
The initialize function provides the user with an extra 
word of programmable memory which is a ccessed with 
single pin control by applying a low on INIT. The Initialize 
function is synchronous and is loaded into the output 
register on the next risin g ed ge of the clock. The 
unprogrammed state of the INIT is all lows. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. Once 
programmed, it Is Impossible to go back to a low. 

Features 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable register INITIALIZE 

■ 24-pin, 300 mil package 

■ 40ns address setup and 20ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE® outputs 

■ Low voltage TRI-SAFE™ programming 

■ All parameters guaranteed over temperature 
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DC Electrical Characteristics (Note 3) 

Symbol 

Parameter 

Conditions 

1 DM77SR181 1 

DM87SR181 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

IlL 

Input Load Current 

Vcc = Max., V|N = 0.45V 


-80 

-250 


-80 

-250 


IlH 

Input Leakage Current 

Vcc = Max., V,n = 2.7V 



25 



25 

mA 

Vcc = Max., V,n = 5.5V 



1.0 



1.0 

mA 

Vql 

Low Level Output Voltage 

Vcc — Min., Iql — 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V,L 

Low Level Input Voltage 




0.80 



0.80 

V 

VlH 

High Level Input Voltage 


2.0 



2.0 



V 

Iqz 

Output Leakage Current 

Vcc = Max., VcEX = 2.4V 



50 



50 

mA 

Vc 

Input Clamp Voltage 

Vcc = Min., liN = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V,n = 2.0V 

Ta = 25°C, IMHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0 V, Vo = 2.0 V 

Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

Icc 

Power Supply Current 

Vcc = Max., Inputs Grounded 
All Outputs Open 


115 

175 


115 

175- 

mA 

TRI-STATE Parameters 

los 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max. 

(Note 4) 

-20 


-70 

-20 


-70 

mA 

Iqz 

Output Leakage 
(TRI-STATE) 

Vcc = Max., Vo = 0.45 to 2.4V 
Chip Disabled 

-50 


+50 

-50 


+50 

mA 

VoH 

Output Voltage High 

loH = -2.0mA 

2.4 

3.2 





V 

loH = -6.5mA 




2.4 

3.2 


V 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc = 5.0V and = 25°C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 

Symbol 

Parameter 


DM77SR181 

DM87SR181 

Units 


Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

ts(A) 

Address to CLK (High) Setup Time 


50 

20 


40 

20 


ns 

tH(A) 

Address to CLK (High) Hold Time 


0 

-5 


0 

-5 


ns 

ts(INIT) 

INIT to CLK (High) Setup Time 

Cl-30pF 

35 

20 


30 

20 


ns 

tH(INIT) 

INIT to CLK (High) Hold Time 


0 

-5 


0 

-5 


ns 

tpHL(CLK) 

Delay from CLK (High) to Output 
(High or Low) 



15 

30 


15 

20 

ns 

twH(CLK) 

tWL(CLK) 

CLK Width (High or Low) 


25 

13 


20 

13 


ns 

ts(GS) 

^ to CLK (High) Setup Time 


15 

0 


15 

0 


ns' 

tH(GS) 

^ to CLK (High) Hold Time 


5 

0 


5 

0 


ns 

tpZL(CLK) 

Delay from CLK (High) to Active 
Output (High or Low) 



20 

30 ' 


20 

25 

ns 

tpZH(CLK) 

Ct-SOpF 


20 

30 


20 

25 

ns 

tpZL(G) 

Delay from G (Low) to Active 
. Output (High or Low) 



15 

30 


15 

25 

ns 

tpZH(G) 



15 

30 


15 

25 

ns 

tpLZ(CLK) 

Delay from CLK (High) to Inactive 
Output (TRI-STATE) 

Cl-5pF (Note 1) 


20 

30 


20 

25 

ns 

tpHZ(CLK) 


20 

30 


20 

25 

ns 

tpLZ(G) 

Delay from G (High) to Inactive 
Output (TRI-STATE) 



15 

30 


15 

25 

ns 

tpHZ(G) 



15 

30 


15 

25 

ns 

Note: All typical values are for \Jqq = 5 V, = 25°C. 
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DM77/87SR181 



DM77/87S184, DM77/87S185, DM77/87S185A, DM77/87S185B 



National 

Semiconductor 


Bipolar PROMs 


DM77/87S184, DM77/87S185, DM77/87S185A, 
DM77/87S185B (2048 X 4) 8192-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
2048 words by 4 bits configuration. A memory enable Input 
Is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the “OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows In ail loca- 
tions. A high may be programmed into any selected location 
by following the programming Instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 35 ns max (B Version) 
Enable access—IS ns typ 
Enable recovery — ^15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87S184 


X 

X 


N,J 

DM87S185 


X 


X 

N,J 

DM77S184 

X 


X 


J 

DM77S185 

X 



X 

J 


TRI-STATE* is a registered trademark of National Semiconductor Corp. 
TRI-SAFETM and STARPLEXtm are trademarks of National Semiconductor Corp. 


Block and Connection Diagram 



A6 

A5 

A4 

A3 

AO 

A1 

A2 

A10 

GND 


TOP VIEW 

TL/L/5279-2 


1 

TT 

18 

— Vcc 

2 


17 

"7 

3 


16 

— A8 

4 


15 

— A9 

5 


14 

— Q1 

6 


13 

— 02 

7 


12 

— 03 

8 


11 

— 04 

9 


10 

— ^ 
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DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

DM77S184/185 

DM87S184/185 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max. V|N = 0.45V 


-80 





jjlA 

l|H 

Input Leakage Current 

Vcc = Max. V|N = 2.7V 



25 




fiA 

Vcc = Max. V|N = 5.5V 



1.0 



■El 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min. Iql ~ mA 


0.35 

0.50 




V 

V|L, 

Low Level Input Voltage 








V 

VlH 

High Level Input Voltage 


2.0 






V 

loz ' 

Output Leakage Current 

(Open-Collector Only) 

Vcc = Max. VcEX = 2.4V 



50 




jaA 

Vcc = Max. VcEX = 5.5V 






100 

jxA 

Vc 

Input Clamp Voltage 

Vcc = Min, l|N = “18 mA 





-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V|N = 2.0V 

Ta = 25C, 1 MHz 





4.0 


pF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25C, 1 MHz, Outputs Off 


6.0 

■ 



in 

PF 

•cc 

Power Supply Current 

Vcc = Max, Input Grounded 

All Outputs Open 


100 





mA 


TRI-STATE Parameters 



Short Circuit 

Output Current : 

Vq = OV, Vcc ~ Max 
(Note 4) 


■ 


-20 

m 


mA 

. 





■ 



■ 


^A 

VoH 

Output Voltage High 

lOH = -2.0 mA 

H 

msi 





V 

Iqh — —6.5 mA 







V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameters 

DM77S184/185 

DM87S184/185 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

Address Access Time 


40 

70 


40 

55 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

30 . 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


— 

Symbol 

JEDEC Symbol 

Parameters 

DM77S185A/B 

DM87S185A/B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

185A 

Address Access Time 


30 

60 


30 

45 

ns 

185B 


25 

50 


25 

35 

ns 

TEA 

TEVQV 

Enable Access Time 

1 

15 

30 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 

1 

15 

30 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless otherwise. All typical values are for Vcc = 5.0V and Ta = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S184, DM77/87S185, DM77/87S185A, DM77/87S185B 









































DM77/87S190, 190A, 190B, 191, 191A, 191B, 
290, 290 A, 290B, 291, 291 A; 291 B 



National 

Semicx)nductor 


Bipolar PROMs 


DM77/87S190, DM77/87S191; DM77/87S290, 
DM77/87S291; DM77/87S190A, DM77/87S191A; 
DM77/87S290A, DM77/87S291A; DM77/87S190B, 
DM77/87S191B; DM77/87S290B, DM77/87S291B 
(2048 X 8) 1 6,384-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select- 
ed word. When disabled, the 8 outputs go to the “OFF” or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming Instructions. 


Features 

■ Advanced tungsten (W) fuses 

■ Schottky-clamped for high speed 

Address access— 35 ns max (B version) 
Enable access — 15 ns typ 
Enable recovery — 15 ns typ 

■ PNP Inputs for reduced Input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRFSAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

24-Pin 

Standard 

24-Pin 

Thin-Dip 

DM87S190 


X 

X 


N,J 

X 


DM87S191 


X 


X 

N,J 

X 


DM77S190 

X 


X 


J 

X 


DM77S191 

X 



X 

J. 

X 


DM87S290 


X 

X 




X 

DM87S291 


X 


X 



X 

DM77S290 

X 


X 


J 


X 

DM77S291 

X 



X 

J 


X 


TRI-STATE* is a registered trademark of Natior^al Semiconductor Corporation 
TRI-SAFETM and STARPLEXtm are trademarks of National Semiconductor Corporation 


Block and Connection Diagrams 



TL/L/5278-1 
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AC Electrical Characteristics (With Standard Load and Operating Conditions) 


JEDEC Symbol 

Sym 

Parameter 

DM77S190/191 

DM77S290/291 

DM87S190/191 

DM87S290/291 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAVQV 

191A 

tAA 

Address Access Time 


35 

60 


35 

45 

ns 

191B 




30 

30 


30 

35 

ns 

TEVQV 

Iea 

Enable Access Time 


15 

35 


15 

30 

ns 

TEXQX 

tER 

Enable Recovery Time 


15 

35 


15 

30 

ns 

TEVQX 

tzx 

Output Enable Time 


15 

35 


15 

30 

ns 

TEXQZ 

txz 

Output Disable Time 

1 

15 

35 


15 

30 

ns 


DC Electrical Characteristics (Notes) 


Symbols 

Parameter 

Condition 


DM87S190/191 

DM87S290/291 

Units 






Max 

Min 

Typ 

Max 


l|L 


Vcc = Max, V|N = 0.45V 



191^^ 


-80 

-250 


l|H 

Input Leakage Current 

Vcc = Max, V|N = 2.7V 






25 

fxA 



Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc ~ Min, Iql = 16 mA 





0.35 

0.45 

V 

V|L 








0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 


Output Leakage Current 

Vcc = Max, VcEX = 2.4V 



50 



50 

julA 


(Open-Collector Only) 

Vcc = Max, VcEX = 5.5V 






100 

/xA 


Input Clamp Voltage 

Vcc = Min, l|N = —18 mA 







V 

Cl 

Input Capacitance 

Vcc = 5.0V, V|N = 2.0V 

Ta = 25‘’C, 1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25‘*C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Input Grounded 

All Outputs Open 


120 

175 

1 

120 

175 

mA 

TRI-STATE Parameters 

•os 

Short Circuit 

Output Current 

Vo = OV, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45V to 2.4V 
Chip Disabled 

-50 


50 

-50 




VOH 

Output Voltage High 

loH = -2.0 mA 

2.4 

3.2 





V 



Iqh — —6-5 mA 




2.4 

3.2 

■91 



AC Electrical Characteristics (With Standard Load and Operating Conditions) 


JEDEC Symbol 

Sym 

Parameter 

DM77S191A/B 

DM77S291A/B 

DM87S191A/B 

DM87S291A/B 





|■■99■■il 

Min 

Typ 

Max 





TAVQV 

191A/291A 

tAA 

Address Access Time 


30 

60 

9991 



ns 


191B/291B 




30 

50 


■■I 

35 

ns 

TEVQV 

tEA 

Enable Access Time 


15 

35 


BSI 

25 

ns 

TEXQX 




15 

35 



25 

ns 

TEVQX 

tzx 

Output Enable Time 


15 




25 


TEXQZ 

txz 

Output Disable Time 





15 




Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for N/qq = 5.0V and = 25'’C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S190, 190A, 190B, 191, 191A, 191B, 
290, 290A, 290B, 291, 291A, 291B 






















DM77/87S195A, DM77/87S195B 



National 

Semiconductor 


Bipolar PROMs 

PRELIMINARY 


DM77S195A/ DM87S1 95A, DM77S1 95B/ DM87S1 95B 
(4096 X 4) 16,384-Bit TTL PROM 


General Description 

these Schottky memories are organized in the popular 
4096 words by 4 bits configuration. Memory enable Inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the OFF 
or high impedance state. The memories are available in 
TRI-STATE® version only. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 


Features 

■ Advanced tungsten (W) fuse technology 

■ Schottky-clamped for high speed 

Address access~30 ns typ 
Enable access—IS ns typ 
Enable recovery— 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over temperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

TRI-STATE 

Package 

DM87S195A/B 


X 

X 

N,J 

DM77S195A/B 

X 


X 

J 


Block and Connection Diagrams 


All 

A10 

A9 

AS 

A7 

A6 

A5 


A4 

A3 

A2 

A1 

AO 


El 

K 



Q4 


Q3 


Q2 


Q1 

TL/L/5247-1 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFE is a trademark of National Semiconductor Corp. 


Duai-ln-Line Package 
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DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

DM77S195A/B 

DM87S195A/B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc=Max, V|N = 0.45V 


-80 

-250 


-80 

-250 


l,H 

Input Leakage Current 

Vcc = Max, V|n = 2.7V 



25 



25 


Vcc = Max, V,n = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vqq = Min, Iql — "IO mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

Vc 

Input Clamp Voltage 

Vqq = Min, l|N = - 18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

c, 

Input Capacitance 

Vcc = 5.0V, V|N = 2.0V 

Ta = 25“C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 

All Outputs Open 



170 

1 



170 

mA 


TRI-STATE PARAMETERS 


1 

Iqs 

- 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

Iqz 

Output Leakage 

Vcc = Max, Vo = 0.45V to 2.4V 



-f 50 



-f-50 



(TRI-STATE) 

Chip Disabled 



-50 



-50 

^A 

X 

o 

> 

Output Voltage High 

Iqh ~ ~ 2-0 mA 

2.4 

3.2 





V 


1 

Iqh = 5.5 mA 




2.4 

3.2 


V 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and = 25°C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


AC Electrical Characteristics (with standard load and operating conditions) 


j Symbol 

Parameter 

DM77S195A/195B 

DM87S195A/195B 

Units 

Alternate 

JEDEC 

Standard 

Min 

Typ 

Max 

Min 

Typ 

Max 

tAA 

TAVQV 

Address Access Time 

195 A 


30 

60 


30 

45 

ns 

195B 


30 

50 


25 

35 

ns 

tEA 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

^ER 

TEXQX 

Enable Recovery Time 


15 

30 


15 

25 

ns 

tzx 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

txz 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 
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DM77/87S321, DM77/87S421; DM77/87S321A, DM77/87S421A 



National 

Semiconductor 


Bipolar PROMs 

PRELIMINARY 


DM77/87S321, DM77/87S421; DM77/87S321A, DM77/87S421A 
(4096 X 8) 32,768-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
4,096 words by 8-bits configuration. Memory enable in- 
puts are provided to control the output states. When the 
device is enabled, the outputs represent the contents of 
the selected word. When disabled, the eight outputs go 
to the “OFF” or high Impedance state. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

The DM77/87S321 and DM77/87S421 program the same 
as all other nonregistered PROMs from National. 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFETM is a trademark of National Semiconductor Corp. 


Features 

■ Advanced fuse technology 

■ Schottky-clamped for high speed 

Address access~36 ns typ. 

Enable access — 20ns typ. 

Enable recovery — 20ns typ. 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE’’^^ programming 

■ Generic programming. 



Military 

Commercial 

TRISTATE® 

Package 

DM87S321, A 


X 

X 

N,J 

DM77S321, A 

X 


X 

J 

DM87S421, A 


X 

X 

N,J* 

DM77S421, A 

X 


X 

J* 


*Thin-Dip (0,3") package 


Block and Connection Diagrams 



TL/L5149 



21-36 







DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

DM77S321/421 

DM87S321/421 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

l|L 

Input Load Current 

Vcc = Max., V,N = 0.45V 


-80 

-250 


-80 

-250 


•iH 

Input Leakage Current 

Vcc = Max., V|n=2.7V 



25 



25 

mA 

Vcc = Max., V|n = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc = Min., loL = 'l2mA 

I 

I 

0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

Vc 

Input Clamp Voltage 

Vcc~Min., l|fvj=—18mA 

I 

-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

Vcc = 5.0, V,n=2.0V 

Ta = 25°C, 1MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5.0V, Vo = 2.0V 

Ta = 25°C, 1MHz, Outputs Off 

I 

6.0 



.6.0 


PF 

Icc 

Power Supply Current 

Vcc = Max., 

All Outputs Open 

j 

135 

185 


135 

185 

mA 


TRI-STATE Parameters 


Iqs 

Short Circuit 

Output Current 

Vo = 0V, Vcc = Max. 

(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz ■ 

Output Leakage 
(TRI-STATE) 

Vcc = Max., Vo = 0.45 to 2.4V 

Chip Disabled 

-50 


+50 

-50 


+50 

mA 

VoH 

Output Voltage High 

Iqh — “2.0mA 

2.4 

3.2 





V 

Iqh = “6.5itiA 




2.4 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


1 

Symbol 

Parameter 

JEDEC Symbol 

DM77S321/421 

DM87S321/421 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Taa 

Address Access Time 

TAVQV 

i 

40 

65 


40 

55 

ns 

Tea 

Enable Access Time 

TEVQV 


20 

35 


20 

30 

ns 

Ter 

Enable Recovery Time 

TEXQX 


20 

35 


20 

30 

ns 

Tzx 

Output Enable Time 

TEVQX 


20 

35 


20 

30 

ns 

Txz 

Output Disable Time 

TEXQZ 


20 

35 


20 

30 

ns 


AC Electrical Characteristics (With standard Load and Operating Conditions) 


Symboi 

Parameter 

JEDEC Symboi 

DM77S321A/421A 

DM87S321A/421A 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Taa 

Address Access Time 

TAVQV 


35 



35 


ns 

Tea 

Enable Access Time 

TEVQV 


20 



20 


ns 

Ter 

Enable Recovery Time 

TEXQX 


20 



20 


ns 

Tzx 

Output Enable Time 

TEVQX 


20 



20 


ns 

Txz 

Output Disable Time 

TEXQZ 


20 



20 


ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and 
Ta = 25°C. 

Note 4; During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S321, DM77/87S421; DM77/87S321A, DI\/I77/87S421A 



Non -Registered PROM Programming Procedure 


Non-Registered PROM Programming Procedure 

National Schottky PROMs are shipped from the factory with all fuses intact. As a result, the outputs will be low 
(logical “0”) for all addresses. To generate high (logical “1”) levels at the outputs, the device must be programmed. 
Information regarding commercially available programming equipment may be obtained from National. If it is 
desired to build your own programmer, the following conditions must be observed: 

1. Programming should be attempted only at ambient temperatures between 15 and 30 degrees Celsius. 

2. Address and enable inputs must be driven with TTL logic levels during programming and verification. 

3. Programming will occur at the selected address when Vcc is at 10.5 volts, and at the selected bit location when 

the output pin, representing that bit. Is at 10.5 volts, and the device is subsequently enabled. To achieve these 

conditions in the appropriate sequence, the following procedure must be followed: 

a) Select the desired word by applying high or low levels to the appropriate address inputs. Disable the device by 
applying a high level to one or more “active low" chip enable inputs. 

b) Increase Vcc ^^m nominal to 10.5 volts (plus or minus 0.5V) with a slew rate between 1 .0 and lO.OV/^s. Since 
Vcc is the source of the current required to program the fuse as well as the Ice the device at the 
programming voltage, it must be capable of supplying 750mA at 11.0 volts. 

c) Select the output where a logical high Is desired by raising that output voltage to 10.5 volts (plus or minus 0.5V). 
Limit the slew rate from 1 .0 to 10.0V//xs. This voltage change may occur simultaneously with the increase in 
Vcc. but must not precede it. It is critical that only one output at a time be programmed since the internal 
circuits can only supply programming currentto one bit at a time. Outputs not being programmed must be left 
open or connected to a high impedance source of 20kn minimum (Remember that the outputs of the device 
are disabled at this time). 

d) Enable the device by taking the chip enable(s) to a low level. This is done with a pulse of 10/zs. The ^0|IS 
duration refers to the time that the circuit (device) is enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify that the bit has been programmed by first removing the programming voltage from the output and then 
reducing Vcc fo 4.0 volts (plus or minus 0.2V). Verification at a Vcc l^vel of 4.0 volts will guarantee proper 
output states over the Vcc ^ud temperature range of the programmed part. The device must be enabled to 
sense the state of the outputs. During verification, the loading of the output must be within specified Iql and 
Iqh iimits. Steps b, c, and d must be repeated up to 10 times or until verification that the bit has been pro- 
grammed. 

f ) Following verification, apply five additional programming pulses to the bit being programmed. The program- 
ming procedure is now complete for the selected bit. 

g) Repeat steps a through f for each bit to be programmed to a high level. If the procedure is performed on an 
automatic programmer, the duty cycle of Vcc at the programming voltage must be limited to a maximum of 
25%. This is necessary to minimize device junction temperatures. After all selected bits are programmed, the 
entire contents of the memory should be verified. 

Note: Since only an enabled device is programmed, it Is possible to program these parts at the board level if all 
programming parameters are complied with. 
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Programming Porameters Do not test or you may program the device 


Sym 

Parameters 

Conditions 

Min 

Recommended 

Value 


Units 

Vccp 

Required Vcc for Programming 


10.0 

10.5 


V 

•ccp 

Ice During Programming 

Vcc=11V 




mA 

Vop 

Required Output Voltage for 
Programming 


10.0 

10.5 


V 

•op 

Output Current while 

Programming 

VoUT = 11V 




mA 

•rr 

. . .1 

Rate of Voltage Change of 

Vcc or Output 


1.0 



V//US 

PWE 

Programming Pulse Width 
(Enabled) 


9 

10 

11 

MS 

Vccv 

Required Vcc fo*" Verification 


3.8 

4.0 

4.2 

V 

•Vdc 

Maximum Duty Cycle for 

Vcc Vccp 



25 

25 

% 


Programming Waveforms Non Registered prom 


T1 = 100ns min. 

T2 = 5fis min. T2 may be > 0 
if MccP nses at 
the same rate or faster 
than (Vop) 

T3 = 100ns min. 

T4 = 100ns min. 

T5 = 100ns min. 

Pyyg is repeated for 5 
additional pulses after 
verification of VOH 
indicates a bit has been 
programmed. 
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Non- Registered PROM Programming Procedure 




Registered PROM Programming Procedure 


Registered PROM Programming 
Procedure 

National Schottky PROMs are shipped from the factory 
with all fuses intact. As a result, the outputs will be low 
(logical ‘0’) for all addresses. To generate high (logical ‘T) 
levels at the outputs, the device must be programmed. 
Information regarding commercially available program- 
ming equipment may be obtained from National. If it is 
desired to build your own programmer, the following 
conditions must be observed. 

1. Programming should be attempted only at ambient 
temperatures between 15°C and 30°C. 

2. Address and Enable inputs must be driven with TTL 
logic levels during programming and verification. 

3. Programming will occur at the selected address when 
Vcc is at 10.5V, and at the selected bit location when 
the output pin, representing that bit, is at 10.5V, and 
the device is subsequently enabled. To achieve these 
conditions in the appropriate sequence, the following 
procedure must be followed: 

a) Select the desired word by applying high or low lev- 
els to the appropriate address inputs. Disable the 
device by applying a high level to asynchronous 
chip Enable input G. GS is held low during the en- 
tire programming time. 

b) Increase Vcc from nominal to 10.5V (± 0.5V} with a 
slew rate between 1.0 and 10 V/jus. Since Vcc is the 
source of the current required to program the fuse 
as well as the Ice for the device at the program- 
ming voltage, it must be capable of supplying 
750mA at 11V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (±0.5V). Limit 
the slew rate from 1.0 to 10V/^s. This voltage 
change may occur simultaneously with the in- 
crease In Vcc, but must not precede it. It Is critical 
that only one output at a time be programmed 
since the internal circuits can only supply pro- 
gramming current to one bit at a time. Outputs not 
being programmed must be left open or connected 
to a high impedance source of 20kQ minimum. 
(Remember that the outputs of the device are dis- 
abled at this time.) 


d) Enable the device by taking the chip enable (G) to a 
low level. This Is done with a pulse of lOfAS. The 
lOjiiS duration refers to the time that the circuit (de- 
vice) Is enabled. Normal Input levels are used and 
rise and fall times are not critical. 

e) Verify that the bit has been programmed by first re- 
moving the programming voltage from the output 
and then reducing Vcc fo 4.0V (± 0.2V). Verification 
at a Vcc level of 4.0V will guarantee proper output 
states over the Vcc end temperature range of the 
programmed part. Each data verification must be 
preceded by a positive going (low to high) clock 
edge to load the data from the array into the output 
register. The device must be enabled to sense the 
state of the outputs. During verification, the 
loading of the output must be within specified Iql 
and Iqh limits. Steps b, c, and d must be repeated 
up to 10 times or until verification that the bit has 
been programmed. 

f) The initialize word Is programmed by setting INIT 
input to a logic low and programming the initialize 
word output by output In the same manner as any 
other address. This can be accomplished by 
inverting the A9 address input from the PROM 
programmer and applying it to the INIT input. 
Using this method, the initialize word will program 
at address 512. 

g) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. The 
programming procedure Is now complete for the 
selected bit. 

h) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is per- 
formed on an automatic programmer, the duty 
cycle of Vcc af the programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize device junction temperatures. After ail 
selected bits are programmed, the entire contents 
of the memory should be verified. 
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Programming Parameters Do not test or you may program the device 


Sym 

Parameters 

Conditions 

Min 

Recommended 

Value 

Max 

Units 

VcCP 

Required Vcc Programming 


10.0 

10.5 

11.0 

V 

•ccp 

Ice During Programming 

Vcc=11V 



750 

mA 

Vop 

Required Output Voltage for 
Programming 


10.0 

10.5 

11.0 

V 

•op 

Output Current while 

Programming 

VoUT= ‘•‘•V 



20 

mA 

•rr 

Rate of Voltage Change of 

Vcc or Output 


1.0 


10.0 

V//XS 

PwE 

Programming Pulse Width 
(Enabled) 


9 

10 

11 

MS 

Vccv 

Required Vcc ^or Verification 


3.8 

4.0 

4.2 

V 

Mqc 

Maximum Duty Cycle for 

Vcc St Vccp 



25 

25 

% 


Programming Waveforms Registered prom 



Tis:100ns MiN. 

T2 = 5ms min. (T2 may BE > 0 IF VCCP RISES AT THE SAME RATE OR FASTER THAN VQp.) 
T 3 = 100ns MIN. 

T 4 = 100ns MIN. 

T 5 = 100ns MIN. 

T6=5Qns MIN. 
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Registered PROM Programming Procedure 




PROMs 


standard Test Load 


% 



TEST 
' POINT 


* Device input waveform characteristics are; 
Repetition rate = 1MHz 

Source impedance = SOD 
Rise and Fall times = 2.5ns max. 

(1.0 to 2.0 volt levels) 

* TAA is measured with stable enable inputs. 

* TEA and TER are measured from the 1.5 
volt level on inputs and outputs with all 
address and enable inputs stable at appli- 
cable levels. 

* For loL = 16mA, R1 = 300fl and R2 = 600n 
for Iql = 12mA, R1 = 400n and R2 = 8000. 

* “C" includes scope and jig capacitance. 


Switching Time Waveforms Non-Registered 


PROM 


ADDRESS 


OUTPUT 


ENABLE 



Switching Waveforms Registered prom 


^ts(A) 


tH(A) 


Ao-Ag 



I 

lJMZi 

nmmm 

tS(GS)|^i 

^tH(GS)J UtS(GS)-i- 

i- tH(GS) 

nr^\ 



H////////// 


-tH(GS)- 


3V 

1.5V 

OV 


‘tWL(CP)'/ 




-tPHL(CP)- 


Oo-Q? 


XEIS 


-tPZH(CP)—l 






tPLZ(CP)— I 


^P, J |— H 1— tPZH(G) -—I 

IPLH(CP) 1-^ tpLZ(G) — h — tpzL(S) — 

/ 




tS(INIT) 

imr 


ktH(INlT)^ 


/ IT' 


■ 1.5V 

■ OV 

• 3V 

• 1.5V 

■ OV 

■ VOH 

- 1.5V 

■ VOL 

- 3V 

- 1.5V 

• OV 

• 3V 

- 1.5V 

- OV 


Key To Timing Diagram 


m 

M 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TO L 


MAY CHANGE 
FROM L TO H 


OUTPUTS 


WILL BE 
STEAOY 


uyAV 


WILL BE 
CHANGING 
FROM H TO L 


WILL BE 
CHANGING 
FROM L TO H 




DON'T CARE: 
ANY CHANGE 
PERMITTED 


DDES NOT 
APPLY 


OUTPUTS 


CHANGING; 

STATE 

UNKNOWN 


CENTER LINE 
IS HIGH 
IMPEDANCE 
“OFF” STATE 
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Approved Programmers for NSC PROMs 


MANUFACTURER 

SYSTEM # 

DATA I/O 

5/1 7/1 9/29 A 

PRO-LOG 

M910, M980 

KONTRON 

MPP80S 

STAG 

PPX 

AIM 

RP400 

DIGELEC 

STARPLEX'''^ 

UP803 


Quality Enhancement Programs For Bipolar Memory 


A+ PROGRAM* 

B+ PROGRAM 

Test 

Condition 

Guaranteed 
LOT AQL5 

Test 

Condition 

Guaranteed 

LOTAQL5 


25° C 

0.05 


25° C 

0.05 

D.C. 

Parametric 

And 

Functionality 

Each 

Temperature 

Extreme 

0.05 

D.C. 

Parametric 

And 

Functionality 

Each 

Temperature 

Extreme 

0.05 

A.C. 

Parametric 

25° C 

0.4 

A.C. 

Parametric 

25° C 

0.4 

Mechanical 

Critical 

0.01 

Mechanical 

Critical 

0.01 

Major 

0.28 

Major 

0.28 

Seal 

Tests 

Hermetic 

Fine Leak 
(5 X 10^) 

0.4 

Seal 

Tests 

Hermetic 

Fine Leak 
(5 X 10-^) 

0.4 

Gross 

0.4 

Gross 

0.4 


‘Includes 160 hours of burn-in at 125°C. 



STARPLEX^^ Is a trademark of National Semiconductor Corp. 
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PROMs 



DM76S64/DM86S64 



National 

Semiconductor 


Bipolar PROMs 


DM76S64/DM86S64 Bipolar Character Generator 


General Description 

The DIVI76S64/DM86S64 is a 64-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S64/DM86S64 Incor- 
porates several CRT system level functions, as well as a 
7 X 9 or 5 X 7 row scan character font. The DIVI76S64/ 
DM86S64 performs the system functions of parallel 
to serial shifting, character address latching, character 
spacing and character line spacing. These system func- 
tions have required extra packages in the past. 

Shifted characters can be generated by the on-chip 
subtractor. 


The c lear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

B 64-character— row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typ clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ TRI-STATE® output 



7x9 

5x7 

FONT 

PACKAGE 

DIV176S64BWF/DM86S64BWF 

X 


Upper Case Block Letters 

N, J 

DM76S64CAE/DM86S64CAE 

X 


Shifted Lower Case Block 

N, J 

DM76S64CAB/DM86S64CAB 


X 

Uppercase Block Letters 

' N, J 



X 

Shifted Lower Case Block 

N, J 

DM76S64CTA/DM86S64CTA 

X 


ASCII Character Set 

N, J 

DIVI76S64CTB/DM86S64CTB 

X 


ASCII Numerals and Control 

N, J 


Block Diagram 


Connection Diagram 


ADDRESS LATCH 
CONTROL 



Order Number 
DM76S64XXX*/J 
or DM86S64XXX*/J 
See NS Package J16A 

Order Number 
DM86S64XXX*/N 
See NS Package N16A 


CLOCK 

CONTROL 


LINE 

CLOCK 




EDGE- 

TRIGGERED 

GENERATOR 


4-BIT LINE 
COUNTER/ 
SHIFTER 

"“ 7 “ 


CLEAR 


9-T0-1 MULTIPLEXER 


iimii 




TRI-STATE 

OUTPUT SHIFT REGISTER 


OUTPUT 

BUFFER 


r ^ 


DOT ' LOAD OUTPUT 

CLOCK ENABLE ENABLE 


SERIAL 

OUTPUT 


* alpha pattern designators 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Dual-ln-Line Package 



OUTPUT 
LOAD ENABLE 
1^ DOT CLOCK 


TOP VIEW 


Logic Symbol 
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Absolute Maximum Ratings iNotei) Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

-0.5V to +7V 

Supply Voltage (Vqc) 




Input Voltage 

-1 .5V to +5.5V 

DM76S64 

4.5 

5.5 

V 

Output Voltage 

-0.5V to +5.5V 

DM86S64 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65°Cto+150°C 

300° C 

Ambient Temperature {T/\) 
DM76S64 

-55 

+125 

°C 



DM86S64 

0 

+70 

°C 



Logical "0” Voltage 

0 

0.3 

V 



Logical "1 '' Voltage 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 21 


SYM 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IlL 

Input Load Current 

Vcc = Max, V|(\i = 0.45V 



-800 

fiA 

•IH 

Input Leakage Current 

Vcc = Max, V|N = 2.4V 



40 

[lA 

l| 

Input Leakage Current 

Vcc = Max, V((vj = 5.5V 



1 

mA 

VOL 

Low Level Output Voltage 

Vcc “ Min, IqL " mA 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 

Vcc " Min 



0.80 

V 

V|H 

High Level Input Voltage 

Vcc " Min 

2.0 



V 

vc 

Input Clamp Voltage 

Vcc “ Min, l|[\i = -12 mA 


-0.8 

-1.5 

V 

C|N 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 

1 MHz 


4.0 


pF 

CO 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25°c, 

1 MHz, Output "OFF” 


6.0 


pF 

>cc 

Power Supply Current 

Vcc Max, All Inputs Grounded, 

Output Open 


80 

1 

140 

mA 

TRI-STATE PARAMETERS 

isc 

Output Short-Circuit Current 

Vq = OV, Vcc ~ Max 

-15 


-70 

mA 

IHZ 

Output Leakage 

. 

Vcc ~ Max, Vq = 0.45 to 2.4V, 

Chip Disabled 



±40 

/iA 

VOH 

Output Voltage High 

Iqh = ~2 mA 

2.4 

3.2 


V 


AC Electrical Characteristics (Note 2) 


SYM 

PARAMETER 

CONDITIONS 

DM76S64 

DM86S64 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Access Time 









TdO 

Dot Clock to Output 



25 

50 


25 

40 

ns 

Tea 

Output Enable 



10 

35 


10 

30 

ns 

Ter 

Output Disalj)le 



13 

35 


13 

30 

ns 


Set-Up Time 









Tsi 

Load to Dot Clock 


25 

7 


20 

7 


ns 

TS2 

Address to Load 

See 

335 

54 


280 

54 


ns 

Ts3 

Clear to Load 

Switching 

335 

14 


280 

14 


ns 

Ts4 

Control to Line Clock 

Time 

50 

-10 


40 

-10 


ns 

TS5 

Line Clock to Load 

Waveforms 

1140 

156 


950 

156 


ns 

Ts6 

Address to Address Latch 


50 

6 


40 

6 


ns 


Hold Time 



1 






Thi 

Load from Dot Clock 


5 

-6 ! 


0 

-6 


ns 

Th2 

Address from Load 


0 

-14 


0 

-14 


ns 

TH3 

Control from Line Clock 


120 

23 


100 

23 


ns 

TH4 

Address from Address Latch 


50 

3 


40 

3 


ns 
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DM76S64/DM86S64 


AC Electrical Characteristics (Continued) (Note 2) 


SYM 

PARAMETER 

CONDITIONS 

DM76S64 

DM86S64 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

■■m 

Pulse Width 










Line Clock 


50 

12 


40 

12 


ns 


Clear 


50 

6 


40 

6 


ns 


Dot Clock 


25 

12 


20 

12 


ns 

Tw4 

Load 


40 

8 


30 

8 


ns 

TW5 

Address Latch 


50 

22 


40 

22 


ns 

, ^MAX 

Clock Frequency 


18 

35 


22 

35 


MHz 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and Ta = 25°C. 


Standard Test Load 


Vcc 


DEVICE 

OUTPUT 



Switching Time Waveforms 


Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
^OUT = 50 SI, tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

Too is measured with output enable at a steady low 
level. 


3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 


LINE CLOCK 


CLOCK CONTROL 


CLEAR 


LOAD ENABLE 


DOT CLOCK 


OUTPUT ENABLE 


OUTPUT 
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Truth Tables 


A) ADDRESS LATCH 


ADDRESS LATCH 

CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 

Fall Through 


B) OUTPUT 


OUTPUT 

STATE OF 

ENABLE 

THE OUTPUT 

1 

Output Hi-Z 

0 

Data Out 


C) 4-BIT LINE COUNTER 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_J- 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 

resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 


Definitions 


AO— A5: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 


Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 


21 
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DM76S64/DM86S64 


Functional Description 


To select a character, a 6-bit binary word must be 
present at the address inputs AO— A5 when the address 
latch control Is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear Input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded {Ts2 ns) after the character Is addressed. 
Data, representing 1 horizontal line of the addressed 
charact er, is available at the output when the load 
enable input is brought low. As shown In Figure 1 , 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out 1 line of the 


character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application Infomatlon is contained in 
application note AN-167 available from National. 


LINE 

CLOCK 


"V 


CHARACTER 

ADDRESS 

INPUT 


X 


}(Z 


w 




yxx\xv/\xvxvy\yx/\/\x\xv 

r\ r\ ~ 

! \ ! V, (SEENOTE) / 


-VALID DATA OUT - 


Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new 
parallel data is loaded into the shift register. 


FIGURE 1. Character Cycle 
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Functional Description (Continued) 


A two character display example Is shown In Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select Input Is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. Descending characters 
in the 5x7 fonts are shifted by virtue of their place- 
ment in the matrix. Descending characters in the 7x9 
fonts are shifted (by the on-chip line shifter/ 
counter) the number of lines indicated by the number 
in the upper left hand corner of the character drawings 
in the figures. 

Character Cycle — ROM data corresponding to 1 
line of characters is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 



the shift register via the MUX. The first bit of the ROM 
data Is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 

CYCLE 


A1 


ASCII A2 
CODED ^ 
ADDRESS 
INPUTS A3 


“1 

“1 


A4 


_[ 


A5- 


u U 

c.o“c“k^ ruuijuuijirmji^^ 



OUTPUT 

ENABLE 




21 


FIGURE 3. Example of Two Characters Display Timing 
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CHARACTER 

ADDRESS* 


ADDRESS LATCH 
CONTROL*- 


DM76S64/DM86S64 





*Shown here for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 


FIGURE 4. Typical System Timing Waveform 


Functional Description (Continued) 


Functional Description (Continued) 


□■□□□□□■a 

■□□□□□□□■ 

■DDDDDaDB 

■□□□□□□□a 

□■□□□□□■a 


□□□□□□■□a 

□□□□□■□□□ 

□anaaaDoa 

oamaoaoaa 


□□□■□□□□a 

□aaaaaaoD 

□□■acanno 


□□□□□□□□a 

□□□□□□□na 

□□□□□□□aa 

□□□□□nana 

□□□□□□□□a 


Baaaaaaaa 

□BDDDDnan 

□□aGDDBDa 

□□□BaBODD 

□□DOBDODa 

□□□caanna 


□□□□□□□□a 

□□□□□□□□a 

Qaaaacaaa 

□□□□□□□na 

□□□□□□□□a 

□□□□aaaaa 

□□□□□aaan 

□□□□aaaoD 

□□aaaaana 

□□□□aanaD 

□□□□Daaoa 

□□□□anana 


□□□□□□□BD 
□ □uuacjBDn 
□□□□□aaan 
□□□□anaon 
□□□BDDonn 
□□BaaDDDD 
□BCDDDOnD 


Bcaaaana 

BanDanaa 

BoauDDan 

BaDDDana 


mmmmammac 

□□□□□□□ai 

□□□□□□□□I 

□□□□□DDDI 


□□□□□□□□a 

□□□□□□□□□ 

aaDDCGana 


aanDGann 

BcaaDDaa 

BDDBaaGG 

■□□□BDDD 

aaaaaaan 

BaaoDDBa 


□□annaGDD 

□□□anoaDD 

□□□□BaaBB 

□□□Banana 

□□Bnccnno 

rnmnoaonna 


amaaaanoo 

□□BDDDDaD 

□□□BGanaa 

□□□□BODDO 

□□□□□BDon 

□□□□□□BOG 

□□□□□□□Bn 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□DO 

□□□□□□□□B 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□a 

□□□□BGUDa 

□□□□BDGDD 

□□□□BaaoD 

□□□□BOaDD 

□DDDBDDGD 

□□□□Baono 

□□□□Bonna 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□aan 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□aaaaa 

□□□□aanaa 

□□□□aaaaa 

□aBBaBBaa 

□□□□aaaaa 

□□□CBDaaa 

□□□□aanaa 

□Banaanaa 

□□aaaGBaa 

□□□BOBana 

BBaaaaaaa 

□□□aaBano 

□□BaaoBDa 

□Baocanac 


□BananaBn 

BanannanB 

□□□□□□□□□ 

□□□□□□□□a 


□aaBaaona 

BaaoBGoan 

Baaaaaaaa 

aaaaaBBaa 

Baaaaaaaa 

Baaaaaaaa 

□aaanaaaD 

□□□□□□□□a 

□□naaaanD 

aaamamaaa 

□□Baaaaaa 

□BGaaaaaa 

Baaaaaaaa 

aaanaaaaa 

□□□aaaaaa 

□□□Boaaao 

aaaaaaaaa 

□aaaaaaaa 

aaaaaaaaa 

□□□aaaaaa 

□□□Baaaaa 

□□□□□□□□a 

aaDGDaaaa 

aaaaaaaaa 

aaaoaaaan 

aaaaaaaaa 

□□□□aaaaa 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□aaaaaaao 

□□□Baaaaa 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□□□□□ODDO 

□□□□□□□□a 

□□□□□□□□a 

□□□Baaaaa 

□□□□□□□an 

□□□□□□□□a 

□□□□□□□□a 


aananaaBn 

BaaaaaaaB 
BaoaaaanB U- 
BnaDBaana > 
BaaaaaaaB > 

□ BBBaaaaa 00 


□□□□aanaa 

□□□□aanaa 

□□□□aaDoa 

□□□□anDna 

□□□□aaaaa 

□□□□anana 

□□□□□□□□a 

BBaBaaaaB 

maaaaanaa 

Baaaaaaaa 

Baaaaaaaa 

BBBBBBBBB 

□□□□□□□□a 

BBaaaanaa 

aaaaaoaaa 

□□□□BBaan 

□□□□aaBBa 

□□□□aanaa 

□□□□□□□an 

aaaaaaaaa 


□BoanaDBa 

aaaaaaaaa 

aaBBBaaaa 

BaaaaaaaB 

□BoaBaaBa 

aaaBBBaaa 

□aBBBBaaa 

□Baaaaaaa 

aaaaanaaa 

BaaaaBBaa 

BaaaaaaaB 

□BaaaaaBa 


aaaaaaaaa 

aaaaaaaaa 

BaaaaaaBB 

maaaoooam 

□Baaaaaaa 


BaaaaaaaB 

BaaaaaaaB 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 


BaaaBoaaa 

BaaaaaaaB 

BaaaBBBBB 

aaaaaaaaa 

BaaaaaaaB 


aaaoaonoB 

aaaaaaaaa 

aaaaaaaaa 

BGaaBoaoB 

BaaaaaaaB 


Baaaaaaaa 

aaaaaaaaa 

BaBBBaaaa 

BaaaaaaaB 

aaaaaaaaa 


□aaaaaaBa 

BaaaaaaaB 

BaaaaaaaB 

BaaaaaaaB 

aaaaaaaaa 


□Baaaaaao 

aaaaaaaaa 

aaaaaaaaa 

BaaaaaaaB 

Baaaaaaaa 

Boanaaona 

□aaaaaaaa 

□□aaoaaaa 

□□□□aaaaa 

□□□□aaaaa 

BBBaaaBBB 

□□□□aaaaa 

□□□□aaaaa 

□□□□□□ana 


□□□□□□□□a 

□□□□aBBaa 

□□□Baaaaa 

□□aaaaaaB 

□□□aaaaaa 

□□□Baaaaa 

□□□□aBBaa 

□□□□□□□□a " 

aaaaaBBBB 

□□□aaaaaa 

□□□aaaaaa 

□aaaaaaaa 

□aaaaaaaa 

□□□BBBBBB 

□ □□□BBBBa ' 

oaoBaoaaa 

□□□aaaaaa 

□□□□BBBBB 

□□□aaaaaa 

□aaaaaaaa 

□□aBBBBBB 

□aaaaaoaa 

□□□□□□□□a 

□□□□□□□□a 

BaBBBaaBB 

Baaaaaaaa 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□□ ' 

□□□□□□□□a 

□aaaaaaBa 


□□□□□□□□□ 

BBBBUBBaa 

Baaaaaaaa 
□□□□□□□□a 
□□□□□□□□a 
ooaoaaaaa 
• □□□□□□□□□ 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□BaaBBaBB 

□aaaaaaaB 

□□□□□□□□□ 


nmoamaomo 

aaaaaaaaa 

aaaBaaaaa 

□BaaaaaBa 

aaaaaaaaa 

aaaBaaaaa 

□BaaaaaBa 

□aaaaaaaa 

□aaaaaaaa 

□aaaaaaaa 

□aaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

□aaaaaaaa 

□□□aaaaaa 

□aaaaaaaa 

□BBBaBBBa 

aaaaaaaaa 

aaaaaaaaa 

□□□□□□□□a 

□□□□□□□□a 

aaaaaaaaa 

□□□□□□□□a 

□□□□□□□□a 

BBaaaaBBa 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□an 

aaaaaaaaa 

aaaaaaaaa 

□BBBaBBBa 

□□□□aaaaa 

□□□□□□□□a 

□□□□□□□□a 

□□□Baaaaa 

□□□BBaaaa 

□□□BaaaaB 

□□□BaaaaB 

□□□aaaaBB 

□□□Baaaaa 

□aaaaaaaa 

BBaBBBaaa 

□ □□aaaaaa 
□aanaanaa LU 
□□□□aanaa 

□ □□□Baana 75 

'aaaaaaaaa V 








DM76S64/DM86S64 


Functional Description (Continued) 



21-52 





Functional Description (continued) 



U. 

oammmamDO 

OBaaDaDBO 

■□□□□□ana 

■aaaaaaaa 

maaaaaaam 

amaaaaama 

Qoaaaaaaa 

aaaoaooaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaoaaa 

oaaaDooam 

aaaaaaaaa 

aoaaaoaoa 

aaaaaaoao 

aaaaaaaaa 

aaaaaoaaa 

aaaaaaaoa 

aoaaaaoaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaooaaaa 

aaaaaaaaa 

aaaaaooaa 

aaaooaaaa 

aaaaaaaoa 

aaaaaaaaa 

o 

CO 

00 

CO 

00 

Q 

— . 

O 

CO 

CO 

CO 

Q 

-05 

in 

cc 

D 

U 

u. 

u, 

□□□□DaODD 

□aanaDDQQ 

□DaaaaDOQ 

□aaonoDDQ 

□aoDDaoDO 

aaaaaaoao 

aaaaaaaaa 

aaaaaaaaa 

BDaDDaODD 

aaooaaaaa 

aoaaaaoaa 

oaaaoaaoa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaoaa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaooaaaaa 

aaaaaaaaa 

aaaaaaaaa 

a 

amaaaaaaa 

QDaaaoaaa 

□□□aaooDD 

□□aacaaoQ 

□aaaooLioc 

aaaaaoaaa 

oaoaoaaao 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaoaa 

aaoooaaoa 

aaaaaaaoa 

aoaaaaaaa 

aaaaaaaaa 

aaoaaaooa 

oaoaaaaaa 

aaaaaaaoa 

aoaaaaaaa 

aaooaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaoaaa 

aoaaaaaaa 

aoaaaoaoa 

aaaaaaaoa 

u 

DODDODDDa 

□□□aaoDDa 

□ooDaoDoa 

DODoaoDoa 

□□□aaoDoa 

□□□□□oDoa 

aaaaaooaa 

aaaaaaaaa 

aaaaaaoao 

aaooaaaaa 

aaaaaaaaa 

aaaaaoaaa 

aaaaaaaaa 

aaaaaooaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaooaaaaa 

aaaaaaaaa 

aaaaaaoao 

aoaaaoaoo 

aaaoaaoaa 

aaaaaaaaa 

aaaaaaaaa 

aaoaaoaoo 

aoaaaaoaa 

aaaaaaoao 

ea 

aaoaoaooa 

□aaoaaaaa 

□□aoooaoo 

□□□aaaooa 

□□□□aOQDD 

DDDDOaDDD 

aaooaaaaa 

aaooaaaaa 

moaaoaaam 

aoaaaaoaa 

aaaooaaaa 

aaaaaaaaa 

oaoaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaaaa 

aaaaaaaoa 

aoaaaaaaa 

aaaaaaaaa 

oaoaaaaaa 

aaoaoaaao 

aaaaaaaoa 

aaaaaoaaa 

aaaaaaaaa 

aoaaaaaaa 

oaaoaaaao 

< 

aDQDaQDDD 

aDOOGODDD 

aaaaaaaaa 

anooaaoaa 

aDDDODODa 

□□□□□□ODa 

□□□□□□oao 

aaaaaaaaa 

aoaaaaoaa 

aoaaaaoaa 

aaaaaaaaa 

aaaaoaooa 

aaaaaaaaa 

aoaaaaoaa 

aaoaaooaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaooaaaa 

oaaaaoaaa 

aaaaaooaa 

aoaaaaoaa 

aaaaoaaoa 

aaaaaoaaa 

aaaaaaaaa 

cn 

□□□□□DDDQ 

aaaaaoona 

aonanoDoa 

aaaaaaaaa 

aDDDDDDDa 

aODODDDOa 

□□□□ODDDQ 

aaaaaaaoa 

aaaooaaaa 

aaaaaaaoa 

aaooaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaoaaaoao 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaaaa 

oaoaaaaaa 

aaaaaaaaa 

oo 

DDDDaODDQ 

□□□DaoDDO 

□□□DaaDDQ 

□OaDaDDDD 

aaaomooao 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaooaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaoaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

oaoaaaaaa 

aaaaaaoao 

aaaaaaaoa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaoaaa 


aaoaammma 

aaaoaaDDa 

aaaaoaoaa 

aooaoaaoa 

aaoDDDDoa 

□anananaa 

□□aaaaaoD 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaoaoaaao 

aaaaaaaao 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaoao 

aoaaaaaaa 

aaaaaooaa 

aaaaaaaaa 

oaoaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

CO 

aaDDDDonD 

aaDDDQDDD 

aaDDODDDQ 

aaaaaaoDD 

aaaoaoDOD 

aoanaoaaa 

aaaaaoaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaoao 

aaaaaaaaa 

aaaaaaaoa 

aoaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaooaaaa 

aaaaaaaaa 

aaaaaaoao 

aaaaaaaaa 

aoaaaaaaa 

u. 

aaaaooaaa 

anaoaaoaa 

aDDoaoDna 

aaonaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaoaa 

aaaaoaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aoaaaaoaa 

aaaaaaaoa 

aoaaaaoaa 

□aoaaaooa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaaaa 

aaaaaoaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaooaa 

aaaaaaaaa 


aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaoaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaoao 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaoaaa 

aaaaaaaaa 

aaaaaaaaa 

aoaaaaoaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

M 

aaaaaaaaa 

aaaaaaaaa 

maaaaaaam 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaooaaaaa 

aaaaaaaoa 

aaaaaaoao 

aoaaaaoaa 

aoaaaaaaa 

aaaaaoaaa 

aaaaaaaoa 

aaaaaoaaa 

aaaaaoaaa 

aaooaaaaa 

aaaaaaaaa 

oaaaaoaao 

aaaaaoaaa 

aaaaaoaaa 

aaaaaaaoa 

aaaaaaaoa 

aoaaaaoaa 

CM 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

aaaaaaaaa 

aoaaaaaaa 

aaaaaaaaa 

aaaaaaoao 

aaooaaaaa 

aaooaaaoa 

aaaaaaoao 

aaaaaaoao 

oaoaoaaao 

oaaaaaaaa 

aoaaaaoaa 

aaaaaooaa 

aaaaaaaoa 

aaaaaaaaa 

aaaaaaoao 

aaaaaaaoa 

aaaaoaaaa 

oaaaaoaao 

aaaaoaaaa 

aoaaaaoaa 

aaaaaaaaa 

- 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaoa 

oaaaaoaaa 

aaaaaaaoa 

aaooaaaoa 

aaaaaoaaa 

aaoaoaaao 

aoaaaaaaa 

aaaaaoaaa 

aoaaaaaaa 

aaaaoaooa 

aaamamaom 

aaaaaaaaa 

aoaaaaaaa 

aoaaaaaaa 

aaaoaooaa 

aaaaaaaaa 

aoaaaaoaa 

oaoaaaaaa 

aaaaaaaoa 

aaaaoaaaa 

«raaaaaaaaa 

a 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aeaoaaaaa 

aaaaaaaaa 

oaaaaoaoo 

aaaaaaaaa 

aaaaaoaaa 

aaaaaoaaa 

aaaaaoaaa 

aaoaaoooa 

aaooaaaaa 

ooaaoaaaa 

aoaaaaoaa 

aaaooaaaa 

aaaaaaaoa 

aaooaaaaa 

aaaaaaaoa 

oaaoaaaao 

oaoaaooaa 

oaaaaoaaa 

aaooaaaaa 

aaooaaaaa 

aaaoaaoaa 

< X 

o ✓ 

< X 

X itj 

X < 

X 5 

o 

- 

CM 

ro 
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Functional Description (Continued) 


u. 

□□□□■■■■a 

□□aQaaoDB 

BDOBDDQDa 

BDBOBDDOD 

BaBaBOODO 

DBDDBDODD 

GOGGaGOBG 

GQGGaGaGB 

GGGGBaBGB 

BBBBGBGGB 

GQDQBGQDG 

GOQGBOQGG 

BBBaGGGGG 

GBGaaaGGG 

GGBGGaGGG 

GGGBGGGaa 

GGGGBGGGG 

QGQQGBGGG 

GGGGGGBGG 

GGGGGGGBG 

GBBBaaaaa 

BGaaBaaaa 

BaaoBGaaG 

BGGGaBBGB 

Baaaaaaaa 

aBBGaaaaa 

GaaGGaGaa 

UJ 

□□□□□BBBO 

□□□□BDDDB 

□DDaaaaaB 

BaaBDBBBO 

BDBaaDaDa 

BaaaBDDDQ 

□BDDBaDDa 

GOGGaGOaG 

GaaGBGaaa 

GGGGBaBGB 

□BGBaaQGB 

BQBOGaaOG 

BGBGGGGGG 

aaaaaGGGG 

GGGGGGGaO 

GGGGGGGGG 

GGGGGGGGG 

aGGaaDGBB 

aaGaGGQBB 

GGGGGGGGG 

OGGOGOGGa 

aaaaBaaaa 

aaaBGBaaa 

GGBGGGBGG 

GBaaaDDBa 

BGOGGGGGB 

aaaaaaaaa 

aaaaaaGGa 

a 

□dddd'bodb 

□□□□aoBaa 

□□□□BOBOO 

aaaoBBBBB 

BDODBQOaa 

BDDaBDDCIO 

□BBaODODO 

GGGGBGGBG 

GOGGBGBGa 

GGGQBGBGa 

BGBBGBGGB 

aaaGBGGGG 

BGGGBGGGG 

GBBBGGGGG 

GGGGBGGGG 

GGGGBGGGG 

GGGGBGGGG 

GGGGBGGGG 

aGGGBGGGD 

GGGGBGGGG 

GGGGBGGGG 

aGaaaaaaa 

gggbgbggg 

GGGBGBGGG 

GGGBGBGGG 

aaaBGBaoa 

aaaBGBaaa 

aaaaaaaaa 

u 

□DaOBDODO 

□□□□BDBOD 

□□□□BQBDD 

aaaaBBBBB 

aoBaaaoao 

aoBODaoDa 

BBBBBDOOa 

GOGQBGGBG 

GGGGBGBGB 

GGGGBGBGB 

BGGGGBGGB 

BGBGGGGGG 

BGBGGGGGG 

aBBBBGGGG 

GGGGGGGGG 

GGGGGGGGG 

GGGGGGGGG 

ggogbbggg 

GGGGaaBGG 

GGGGGGGBG 

GGGGGGGGG 

aQaaaaaGG 

DGDDaaaDG 

BGaGGOaGB 

GBaGaaoBa 

aQBaaGBQG 

aaaBGBaaa 

aaaaBaaaa 

oa 

□DDOOBODD 

□□□DDBODD 

.BBBoaaBBa 

□□□aoBaao 

□□□aaaooa 

□□□BDDDDD 

BBBaaaaoo 

GGGGGBGGB 

GGGGGBGGB 

GGGGGBGGB 

aaGGBGaBG 

BGBGBGGGG 

BGBGBGGGG 

QGGGBOGQD 

GGGGBGGGG 

GGGGBGGGG 

GaaBaBBBG 

GGaGBOGGO 

GGGGBGGGG 

GGGGBGGGG 

GaaQooaaa 

aaaaaaaaa 

aaaaaaaaa 

GBBGGBaGG 

GBBGGBBBa 

GGGGGGGGB 

M-aaaaaQGQa 

< 

DDDDBQaOQ 

□□□□BOBOa 

□□□□BDBDQ 

□□□BBBBBB 

DDDBOnODD 

□□□BDDDDD 

BBaanoaoD 

DQGOaBDBD 

GGGGBGBGB 

GGGGBGBGB 

BGGBBaBBB 

BGBGBGGGG 

BGBGBGGGG 

GBGGBaGGa 

l-f! 

aQaaaaaaa 

aaaGaaaaa 

aaaaaaaaa 

GGOBBaaBB 

□GOBBOaBB 

QaaaGGQaa 

aaaaaaaaa 


□□□□□Boao 

□□□□□BDQD 

□□□□□BBBB 

BBBBBaaaa 

DDBDDBDDD 

DDBDDODOD 

BBBBBOOaD 

GGaaGBBBB 

GGGGGGBGG 

□GGGGDGBG 

BGGGBGBGG 

BGaaBaaaa 

BGBGBGGGG 

□aaaGGGaa 

GGOGaGGaa 

GGaBaaaaa 

GBGGGGGBG 

BGQGGaGaB 

GaGaaGOGG 

GGGGaaaaa 

BOGGaaGBa 

BQGGBaaaB 

BGQQBaaaB 

BGanaGGGB 

BGaGBGGGB 

□BBBaaGQD 

CO 

□□□□BDDBD 

□□□□BOBDB 

□□□□BDBQB 

□BDBDBaaB 

BDaoBnaoD 

BDBDBDQDD 

GGGGGaBBB 

GGGGGGGBG 

aGaGGGBaa 

BGGGBBBBB 

BGGGBGGGG 

BQaaBQQQa 

GBBBGGGGG 

aaaaaaaoG 

Qaaaaaaaa 

I BaaGGaaGB 
GBGGGGGBG 

GGBaBBaGG 

QQaGGGoaa 

GGaGOGGaa 

□BBBGBBBG 

BGGGBGaaB 

BGGGBaGGB 

BOaGBOaGB 

BGOGBaaGB 

BaaGBaaoB 

GBBBGBBBG 

- 

□□□□aODDB 

□□□□□□□DB 

□BaaaaBBB 

BDaaBnoaa 

BDBQBDaaa 

GGGGGBGBG 

GGGGBGBGB 

GGGGBGBGB 

BGGGBBBBB 

aGBGBGGGG 

BGBGBGGGG 

B 

BBaaaaaGG 

BaBOGaaGa 

BGGBaaaaa 

BGaaBaaaa 

BGGGGBBBB 

BnGonaana 

BBaaaaaaa 

CO 

□□□□BDDaa 

□□□□□BDBD 

□□□□□□BOD 

□BBBBaBBB 

BOBaaDDaD 

BQBQaaaaa 

□Baaaaaaa 

GGaaBGGGG 

GGaaGBaaG 

GOGGOGaBB 

bggbgbqgg 

BGBGBGGGG 

BGBGBGGGG 

GBGGBGGGG 

GGGGGBGGB 

aaaaaGBBG 

GBBGDaBBG 

BGGBGBGGB 

aaGGBGGGB 

BGGBGBGaa 

GBBDGaBBa 

GGGGGBBBa 

BaGGaanGB 

BaaGBoaGB 

BaaGBoaGB 

BGGaaaaaB 

aBaDBaDGB 

LO 

□nanDBBBB 

□□□□BDDBB 

□□□□BaaoB 

BDoaoBBan 

BaBaaaoDu 

BaBDBaaDD 

GGGGBGGGB 

GGGGGBGBG 

GGGGGGBGG 

BBBBBBBBB 

QaBaDOGGO 

GBaGGaaGG 

GBaaGOBaG 

GGBGGBGBG 

aaaBQaBaa 
' aaaaBaaaa 

QBGGGBGGG 

BGBaGGBGG 

aBaGQGGBa 

BGaaoBBaa 

BaaGaaaBG 

BaGBaaaaB 

BGGBaGGGa 

BGGBaaaaB 

BGaBaaoaB 

BBBBaGGBG 

'S’ 

□□uaDBDDa 

ODOanBDDD 

□□□□□BBBB 

BDoaBBaaD 

BDBDBBOaD 

aaaaBDaao 

aaaGGGGBG 

GaGoaBBaa 

GGGGGBGBG 

GBBBGGaaG 

BGGGBGGBG 

BGGGBGGGG 

BaaBBGGGG 

■ GBGGGBBGG 
DBDQBDDBa 
GBaaBGnBG 

□BGOBOGBa 

GBGGBaGBG 

GGBBGGGaa 

aaaaaGBaa 

BBBBBBBBB 

aBGaaaBaa 

GaBoaGBaa 

aaGBaoBaa 

GGaaBaBoa 

aaaaaBBaa 

cn 

□□□OBaODB 

DDDDDBDBD 

DDDDOOBDO 

BDOOBBOaO 

BaaoBaDoa 

BQBDBOaOa 

GGGGGBGBG 

GGOGBGBGB 

GGGGBGBGa 

GBBBGGGGB 

BGGGBGGGG 

BGGGBGGGG 

BBBaaGGGG 

aaGBGBaaa 

aaaBGBaao 

BBBBBBBBB 

aaGBGBaaa 

BBBaaBBaa 

aaaBOBaaa 

aaaBOBaaa 

GBBBGBBBa 

BGaOBGaGB 
BGaOBaODB 
BGGGBaGGB 
BGGGaaGGB 
• BaaaaaaaB 
aBaaaacGB 

CNJ 

□□aDBDDDB 

□QDDDBQBD 

aDQOOQBDG 

aOCBOBOBO 

BDaaaDDoa 

BDBoaaaoo 

OBQOBDDOD 

GGGGGBGGB 

GGGGBGBGB 

GGGGBGGBB 

GBBBGBGGB 

BOGUBOaGG 

BGaaranGOG 

aBaBBGGaa 

aaaaaaaaa 
aaaaaaaGQ 
BBBaaaaaa 
■ aaaaaaaaa 
aaaaaaaaa 
BBBaaaaaa 
aaaaaaaaa 

GBBGGGGGB 

aOGBGGGOB 

BGGGBGOGB 

aaGGaGGGB 

BcnGBaaGB 

BCUnnBGGB 

aBaGGGBBB 

- 

□□□□BBBBB 

□DaODQBDD 

□□DOODBOa 

BaaBoaBOD 

BOBoaBBaa 

BGBQBDQDO 

DBDDBGDDD 

GOGGOGGGB 

GGGGBBBaa 

GGGGGBGGB 

GBBBGGGGG 

BGGGBGGGG 

BGGGBGGGG 


aaaQaaaoG 

GQQQOaGQB 

GaaaaaaGB 

BBBBBBBBB 

GBaaaaaGB 

GGBGaGGGB 

aGaaDGaaa 

o 

GGGGBBBBG 

GaQQGQaaB 

BBaaBOGGa 

GGGBGGGGB 

GGBGaaaaG 

GBGGQOGGG 

aaBaBGGdG 

aaaaaoGGB 

aaaaaGGaB 

aaGGaGGaB 

GBBBGBBBB 

BGGGBGGan 

BaaGBaaGG 

BBBaaaGGG 

aaaGaaaao 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaaaa 

aaaaaaoaa 

aQaaQaaoG 

BGBGGGGGa 

BGGBGaGGB 

BGGGBGGGa 

BaOGaBGGB 

BoaGGaaGB 

\ AQ-A3 

A4-A5 \ 

= 

- 

CM 

CO 


DQ 

h- 

O 

<3- 

CO 

CO 

CO 

00 


O 

CO 


ai 

cc 

D 

C5 
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Bipolar PROMs 


DM76S128/DM86S128 Bipolar Character Generator 

General Description 


The DM76S128/DI\/I86S128 is a 128-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S1 28/D M86S 128 
incorporates several CRT system level functions, as 
well asa7x9or5x7 row scan character font. The 
DM76S128/DIVI86S128 performs the system functions 
of parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
adder/subtracter. 

The cl ear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal Is high. 


DM76S1 28CNC/DM86S1 28CNC 
DIVI76S1 28CN D/DM86S1 28CN D 
DM76S1 28CQH/DM86S1 28CQH 
DM76S1 28CQJ/DM86S1 28CQJ 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 128 character— row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typical clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ Low power— 400 mW typical 


7x9 

5x7 

FONT 

PACKAGE 

X 


Upper and Shifted Lower Case Block 

N, J 


X 

Upper and Lower Case Block 

N, J 

X 


ASCII CHARACTER SET 

N, J 


X 

ASCII CHARACTER SET 

N, J 


Block Diagram 


Connection Diagram 

Dual-1 n-Line Package 


ADDRESS LATCH 4 
CONTROL 

Order Number 

DM76S128XXX*/J b 

or DM86S128XXX*/J lineclock — 
See NS Package J 1 6A clock control — 

Order Number ~ 

DM86S128XXXVN 
See NS Package N16A 



Logic Symbol 


alpha pattern designators 



LINE clock 
CLOCK CONTROL 
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DM76S128/DM86S128 


Absolute Maximum Ratings (Noten Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

-0.5V to +7V 

Supply Voltage (Vcc) 




Input Voltage 

-1 .5V to +5.5V ■ 

. DM76S128 

4.5 

5.5 

V 

Output Voltage 

-0.5V to +5.5V 

DM86S128 

4.75 

5.25 

V 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

-65°Cto+150°C 

300° C 

Ambient Temperature 

DM76S128 ; 

-55 

+125 

°c 



DM86S128 

0 

+70 

°c 



Logical "0” Input Voltage (Low) 

0 

0.8 

V 



Logical "1” Input Voltage (High) 

2.0 

5.5 

V 


DC Electrical Characteristics (Note 2) 


SYM 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|L 

Input Load Current 

Vcc = Max, V||\| = 0.45V 



-800 

MA 

l|H 

Input Leakage Current 

. Vcc = Max, V|N = 2.4V 



40 

juA 

l| 

Input Leakage Current 

Vcc= Max, V|N = 5.5V 




1 

mA 

VOL 

Low Level Output Voltage 

Vcc " Min, Iql " 15 mA 


0.35 

0.45 

V 

VOH 

Output Voltage High 

IOH = “2mA 


2.4 

3.2 


V 

V|L 

Low Level Input Voltage 

Ycc " Min 





0.80 

, V 

V|H 

High Level Input Voltage ' 

Vcc ~ Min 



2.0 



V 

vc 

Input Clamp Voltage 

Vcc “ Min, 

IN = -12 mA 


-0.8 

-1.5 

, 

V 

C|N 

Input Capacitance 

Vcc = 5V, V|N = 2V, Ta = 25°C, 


4.0 


pF 



1 MHz 





’ 


Co 

, Output Capacitance 

Vcc = 5V, Vo = 2V. Ta = 25°C, 


6.0 


pF 



1 MHz 







ICC 

Power Supply Current 

Vcc “ Max, All Inputs Grounded, 


100 

140 

mA 



Output Open 






isc 

Output Short-Circuit Current 

Vo = OV, Vcc = Max 


-15 


-70 

mA 

AC Electrical Characteristics 








DM76S128: Ta = -55°C to +125°C, Vcc = 4.5V to 5.5V. Cl = 50 pF 
DM86S1 28: Ta = 0°C to +70°C, Vcc = 4.75V to 5.25V. Cl = 50 pF. 






SYM 

PARAMETER 

DM76S128 

DM86S128 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Access Time 








Too 

Dot Clock to Output 


25 



25 

40 

ns 


Set Up Time 








TSI 

Load to Dot Clock 

25 

7 


20 

7 


ns 

TS2 

Address to Load 

335 

54 


280 

54 


ns 

TS3 

Clear to Load 

335 

14 


280 

14 


ns 

TS4 

Control to Line Clock 

50 , 

-10 


40 

-10 

' 

ns 

TS5 

Line Clock to Load 

1140 

156 


950 

156 


ns 

TS6 

Address to Address Latch 

50 

6 


40 

6 


ns 


Hold Time 








Thi 

Load from Dot Clock 

5 

-6 


0 

-6 


ns 

Th2 

Address from Load 

0 

-14 


0 

-14 


ns 

Th3 

Control from Line Clock 

120 

23 


100 

23 


ns 

Th4 

Address from Address Latch 

50 

3 


40 

3 


ns 
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AC ElGCtriCSl ChdrBCtGriStiCS (continued) (With standard load) (Note 2) 


SYM 

PARAMETER 

MIN 

TYP 

MAX 

MIN . 

TYP 

Tyvi 

Line Clock 

50 

12 


40 

12 

Tw2 

Clear 

50 

6 


40 

6 

Tw3 

Dot Clock 

25 

12 


20 

12 

Tw4 

Load 

40 

8 


30 

8 

TW5 

Address Latch 

50 

22 


40 

22 

fMAX 

Clock Frequency 

18 

35 


22 

35 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the devic 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc = 5V and T^ = 25° C. 


Standard Test Load 



a Input wavefornns are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZOUT ^ 50 tr < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 


Truth TabiGS 


A) ADDRESS LATCH 


B) 4-BIT LINE COUNTER 


ADDRESS LATCH 

CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 

Fall Through 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_J~ 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 

resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 
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Switching Time Waveforms 


3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CDNTROL 


LINE CLOCK 


CLOCK CONTROL 


CLEAR 


LOAD ENABLE 


DOT CLOCK 


OUTPUT 



Definitions 


AO— A6: Character address. A 7-bit code which selects 
1 of the 128 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Load Enable: Active low load command which routes 
data from the character ROM to the “D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output: A TTL B I -STATE output buffer. 


21-58 


Functional Description 

To select a character, a 7-bit binary word must be 
present at the address inputs A0-A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded {Ts2 ns) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1 , 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. The standard fonts are shown in Figures 5, 
6, 7 and 8. Descending characters in the 5x7 fonts are 


shifted by virtue of their placement in the matrix. 
Descending characters in the 7x9 fonts are shifted (by 
th on-chip line shifter/counter) the number of lines 
indicated by the number in the upper left hand corner 
of the character drawings In the figures. 

Character Cycle — ROM data corresponding to one 
line of characters is loaded into the shift register Ts2 
after the ROM Is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 


LINE \ 

LOCK \ / 


CHARACTER 

ADDRESS 

INPUT 




LOAD 






...... A A / 

U VALID DATA OUT J 

Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 


FIGURE 1. Character Cycle 
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Functional Description (Continued) 



-'-innfinjinjuuinnnjuuinnnnnm 



ADDITIONAL LINE 
COUNTS FOR- 
VERTICAL SPACE 


FIGURE 3. Example, Two Character Display Timing - DIVI86S128CNC 


2 


J V 


ENABLE 
DOT CLOCK 

OUTPUT 



*Shown here for operation with dynamic memory. For static memory operation the address latch control would be tie d high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 

FIGURE 4. Typical System Timing Waveform 




83l-S98IAia/83lS9ZI/\ia 


DM76S128/DM86S128 


Functional Description (Continued) 


u. 

■□□□□□a 

■□□□DOB 

■□□□□□a 

aaaaaaa 

aaaoona 

□anoDaD 

□□aaann 

PPPPPPP 

PPPPPPP 

PPPPPPP 

PPPPPPP 

PPPPPPP 

PPPPPPP 

PPPPPPP 

PPPPPPP 

□BPOODDDd 

□DBPPDDPP 

GDDBDPDPP 

ppppapppp 

PPPPPBPPP 

PPPPPPBPP 

pppppppap 

PBBBPPPPP 

BPPPBPPPP 

BPPPBPPPP 

BPPPPBBPB 

BPDPPDDDD 

BDDDDDDDD 

DBDDDDDDD 

BPPPPPP 

BPPPPPP 

BPPPPPP 

BPPPPPP 

BBBBBBB 

BPPPPPP 

BPPPPPP 

BPPPPPP 

BPPPPPP 

BPPPPPB 

BPPPPPB 

BPPPPPB 

BBBBPPB 

BPPBPPB 

BPPBPPB 

BPPBPPB 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

□BBBBPP 

BPPPPBP 

BPPPPBP 

BPPPPBP 

BPPPPBP 

□BBBBPP 

PBPPBPPBP 

□□BPPBPPB 

BPPBPPBPP 

PBPPBPPBP 

□□BPPBPPB 

BPPBPPBPP 

PBPPBPPBP 

u, 

□□□□□aana 

□□□□□anna 

□□□□aODDD 

□DDaODODD 

aaaDDnDaa 

PPPPPPBPP 

PPPPPBPPP 

PPPPBPPPP 

PPPBPPPPP 

PPPPBPPPP 

PPPPPBPPP 

PPPPPPBPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPB 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPDDBDDDD 

DDDBDBDDD 

PPBPPPBPP 

PBPPPPPBP 

BDPDDDDDB 

PPPPPPPPP 

□□□□□□PPB 

BBBBBBBBB 

BPPPPPPPP 

BPPPPDDDD 

BPDPPPPPP 

BBBBBBBBB 

PPPPPPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBBBBB 

BPPPPPPPB 

BPPPPPPPB 

PPPPPPPPP 

PPPPBBBBB 

PPPBPPPPP 

PPPBPPPPP 

PPPBPPPPP 

PPPPBPPPP 

□□□BBBBBB 

□BBPPPP 

BPPBPPB 

□□□□BBP 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

□□□□□□□ 

a 

□□aaDODDa 

□□aaDDDDD 

□□□□aaaoQ 

□□□aaoDDD 

aaaaDDDaD 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

BPPDPPPPB 

ppppapppp 

PPPPBPPPP 

PPPPBPPPP 

PPPPBPPPP 

PDDPBPPDD 

ppppapppp 

DDDDBDDDP 

□PPBPPBPP 

PPPBPPBPP 

PPPBPPBPP 

□PPBPPBPP 

DDPBDDBDD 

DDDBDDBDP 

□PPBPPBPP 

BBPPBPPPP 

PPBBBPPPP 

PPPPBBPPP 

PPPPBPBBP 

□PPPBPPPB 

□PPPPPPBP 

□□PPPPBPP 

BPPPPPPPB 

BPPPPPPPB 

BPPPBBBBB 

BPPPBPPPB 

BPPPBPPPB 

aBBBBSBBB 

PPPPBBBBB 

PPPBPPPPP 

PPPBPPPPP 

PPPPBBBBB 

PPPBPPPPP 

PPPBPPPPP 

□□□□□□□□□ 

PPPPBPPPP 

PBBBPBBBP 

bpppppppm 

BPPPPPPPB 

PPPPPPPPP 

□□PPPPPPP 

o 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

□□□□□□□□a 

pppppppap 

PPPPPPBPP 

PPPPPBPPP 

PPPPBPPPP 

PPPBPPPPP 

PPBPPPPPP 

PBPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPBBP 

DDPDDDPDB 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

BPDPDDDPB 

PBPPPPPBP 

PPBPPPBPP 

DPDBDBDDD 

DDPDBDDDD 

PPPPPPPPP 

PPBBBBBPP 

PBPPPPPBP 

BPPPPPPPB 

BBBBBPPPB 

BPPPBPPPB 

PBPPBPPBP 

PPBBBBBPP 

BPPPPPPPB 

BPPPPPPPB 

BBBBBPPPB 

BPPPBPPPB 

BPPPBPPPB 

PPPPPPPPP 

PPPPPPPPP 

□□□□□□□□B 

BBBBBBBBB 

BPPPPPPPB 

PPPPPPPPP 

PPPPPPPPP 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

BBBPPBBBP 

□□□□□□□□□ 
PPPPPPPPP 
. □□□□□□□□□ 

CQ 

aoPDoaoDa 

□aQaaonap 

□□apppaap 

PDPapappp 

ppppapppp 

PPPPPBPQP 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

PPDDBDDDD 

DDDDBDDDP 

PPDDBPPDD 

PBBBBBBBP 

DDDDBDDDP 

ppppapppp 

ppppapppp 

PPPPPPPPP 

PPPPPPPPP 

DDDDDDDDD 

PPPBPPBBP 

PPPPPPPPB 

PPPPPPPPP 

PPPPPPPPP 

PPBBBBBPP 

PBPPPPPBP 

BPPPPPPPB 

bpppbbbbb 

BPPPBPPPB 

PBPPBPPBP 

□□BBBBBPP 

□□BBBBBPP 

PBPPBPPBP 

BPPPBPPPB 

bpppbpppb 

BPPPBPPPB 

PBPPBPPBP 

PPBBBBBPP 

PPPPPPPPP 

□□□□□□□□B 

□PPBPPPBP 

□PPPBPBPP 

PPPPPBPPP 

□□□□□PBPP 

PPPPPPPPP 

□□□□□□□□□ 

' BPPPPPPPB 
BPPPPPPPB 

PBBBPBBBP 

PPPPBPPPP 

PPPPPPPPP 

< 

aaaaaaapp 

pppppppap 

pPDPPPPpa 

DPPPPPPPa 

pnPGpnnna 

PPPPPPGBP 

PPPPPPBPP 

BBPPPPPPB 

BPBPPPPPB 

BPPBPPPPB 

bpppbpppb 

BPnDDBGPB 

BPPPPPBPB 

BPPPPPPBB 

papppppap 

PDBDDPaDD 

DDPaDBDDP 

aaaaaaaaa 

□pnBpannn 

DDBDPDBDD 

papppppap 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

□DDBDPBDD 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

□paaaaBPP 

PBPPBPPBP 

BPPPBPPPB 

bpppbbbbb 

BDPPDPPPa 

PBPPPPPBP 

PPBBBBBPP 

PBPPPPPPP 

BPPPPPPPP 

BPPPPPPPP 

BPPPPBBPB 

BPPPBPPPP 

BPPPBPPPP 

PBBBPPPPP 

□□□□□□□□□ 

BBBBBBBBP 

BPPPPPPPB 
□□□□□□□□B 
□□□□□□□□B 
□□□□□□□BP 
^ □□□□□□□□□ 

□□□□□□□□□ 

□PPBPPPPB 

□PPBBPPPB 

□PPBPBPPB 

□PPHPPBPB 

PPPBPPPBB 

□PPBPPPPB 


PPPPP.jPPP 

ppppppppp 

BPPPPPPPB 

BBBBBBBBB 

BPPDODPPB 

PPPPPPPPP 

PPPPPPPPP 

BBPPPPPPP 

PPBPPPPPP 

PPPBPPPPP 

DPPPBaaBB 

PPPBPPPPP 

PPBPDPPPP 

BBPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

ppaBBBapp 

papppppap 

BDPDPDDPB 

PPPPPPPPP 

PPPPPPPPP 

pliaaaBapp 

BPPBPPPBP 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

PBBBPPPBP 

PPBBBBBPP 

PBPPBPPBP 

BPPPBPPPB 

BBBBBPPPB 

BPPPPPPPB 

PBPPPPPBP 

PPBBBBBPP 

PPPPPPPPP 

PPPPBPPPP 

PPPPBPPPP 

BBBBBBBBB 

PPPPBPPPP 

PPPPBPPPP 

PPPPPPPPP 


PPPPPPPPP 

BBBBBBBBP 

□PPBPPPPB 

PPPPBPPPB 

□□□□■ PPPB 

□PPPBPPPB 

BBBBPPPBP 

CO 

PPPPBPPPP 

PPPPBPPPP 

PPPPBPPPP 

PPPPBPPPP 

PPPPBPPPP 

BBPPPPPBB 

PPBPPPBPP 

PPPBPBPDP 

ppppapppp 

PPPBPBPPP 

PPBPPPBPP 

BBPPPPPBB 

PPPPPPPPP 

PPPPPPPPP 

BPPDPPPPB 

PBPPPPPBP 

PPBBBBBPP 

PPPPPPPPP 

PPPPPPPPP 

PBBPPPBBP 

BPPBPBPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPBPBPPB 

PBBPPPBBP 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BBPPPPPBB 

BPBPPPBPB 

BPPBPBPPB 

BPPPBPPPB 

BPPBPBPPB 

BPBPPPBPB 

BBPPPPPBB 

□□□□□□□□□ 

PPPPBBBBB 

PPPBPPPPP 

PPPBPPPPP 

PPPBPPPPP 

PPPPBPPPP 

PPPPPPPPP 

□PPBPPPPB 

□PPPBPPBP 

□PPPPBBPP 

□PPPPBBPP 

□PPPBPPBP 

□PPBPPPPB 

- 

PPBBBBP 

PBPPPPB 

BPPPPPP 

BPPPPPP 

BPPPPPP 

BPPPBBB 

BPPPPPB 

PBPPPBB 

PPBBBPB 

PPPPPPPPB 

pppppppap 

PPPPBBBPP 

pppppppap 

PPPPPPPPB 

PPPPPPPPP 

PPPPPPPPP 

BBDDPDPPD 

BBBDPDPDP 

DPDBDPPDD 

PPPPPPPPP 

PPPPPPPPP 

BBBPPPPPP 

BDDBPDDDP 

BDPDBDDPP 

BPPDPBPPP 

BDDDDDBPP 

BDDDPDDBP 

BDPDDDDDB 

□PPPPBBBB 

□PPPBPPPB 

□DDBPDPDB 

□DPBPDDPB 

□DPBDPPPB 

□PPDBPDPB 

PPPPPBBBB 


E|jfl 

1 " 

5 i Sti " 

S S U I 

i i ili ” 

.= 

BPPPPPPPP 

BPDPPPPPP 

BPPPBPPPD 

BPPPBPPPP 

BPPPBPPPP 

BPPPBPPPP 

BBBPPPPPP 

PPPBBBPPP 

PPPPPPBBP 

PPPPPPPPB 

PPPPPPBBP 

PPPBBBPPP 

BBBPPPPPP 

PPPPPPPPB 

PPPPPBBBP 

DPDDDPBDB 

PBBPPBPPB 

BPPBBPPPB 

BPPBBPPPa 

PBBPPBBBP 

PBPPPBBBP 

BPPPBPPPB 

BDDPBDDDB 

BPPPBPPPB 

BPPPBPPPB 

□BPPPBPPB 

BBPPPPPPP 

□PBBPPPPP 

PPPPBBPPP 

□□□□□□BBP 

□□□□□□□□B 

□□□□□□□BP 

□□PPPPBPP 

□□BBBBBPP 

PBPPPPPBP 

BPPBPBPPB 

BPPPBPPPB 

BPPBPBPPB 

PBPPPPPBP 

PPBBBBBPP 

PPPPPPPPP 

PBPPPPPPP 

BPPPBPPPP 

BPPPBPPPP 

□BaBBBBBB 

PPPPBPPPP 

PPPPBPPPP 

□□□□□□□□□ 

□□□BBBBPP 

□□□□□□□BP 

□□□□□□□□B 

□□□□□□□BP 

PPPBBBBPP 

□□□□□□□□□ 


BPPPPPPPB 

BPPPPPPPB 

BPPPBPPPB 

bpppbpppb 

BPPPBPPPB 

BPPPBPPPB 

pppppppap 

PPPPPPPPB 

PPPPPPPPB 

PPPPPPPPB 

pppppppap 

DBDDDDPBP 

PPBPPPBPB 

PPDBDPDBP 

DPDDBDDPP 

DBDPDBDDP 

BDBPPPBPD 

DBPDDPPBP 

BPPPPBBBP 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

■ 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

PBPPBPPBP 

□PBPBPBPP 

PPPBBBPPP 

PPPPBPPPP 

PPPPPPPPP 
PPPPBBPPP 
/ PPPBPBPPB 
□PPBPBPPB 
PPPBPBPPB 
PPPBPBPPB 
□PPPBBBBP 

PPPPPPPPP 

PPPBBBBBB 

□□□□□□□BP 

□□□□□□□□B 

□□□□□□□□B 

□□□□□□□□B 

DPGBBBBBP 

- 

PPBBBBBPP 

PBPPPPPBP 

BPPPPPPPB 

BPPPPPPPB 

BPPDPPPPB 

BBBBBBBBB 

BPPPPPPPB 

BBPPPPPPP 

BPPPPPPPP 

BPPPPPPPP 

BBBBBBBBB 

BPDPPPPPP 

BPDGDDPPP 

BBDDPDPDD 

PBPPPBBPP 

PBPPBPPaP 

BBaBBBBBB 

DBPDBPDBD 

BaBBBBBBB 

PBPPBPPBP 

PPBBPPPBP 

PPPPPPBPP 

□□PPPPBPP 

BBBBBBBBB 

PBPPQPBPP 

PPBPPPBPP 

PPPBPPBPP 

PPPPBBBPP 

□□□□□□PBB 

□□PPPPBPP 

PPPPPBPPP 

PPBBBBBPP 

PPPBPPPPP 

PPBPPPPPP 

BBPPPPPPP 

□BBPPBPPP 

□PPBPPBPP 

□PPBPPBPP 

BBBBBBBBB 

□PPBPPBPP 

□PPBPPBPP 

□BBPPBPPP 

PPPPPPPPP 

BBBBBBBBB 

□PPPBPPBP 

□PPBPPPPB 

□PPBPPPPB 

□PPBPPPPB 

□PPPBBBBP 

□□□□□□□□□ 

□□□□□□□BP 

□PPBPPPPB 

□PPBPPPPB 

PBBBBBBBP 

PPPBPPPPP 

PPPBPPPPP 

CO 

PBPPPPPBP 

BPDPPPDPB 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

PBPPPPPBP 

PPBBBBBPP 

PBDDPDBPP 
^ BPPDDBDBD 
BPPPBPPPB 
BPPPBPPPB 
BPPPBPPPB 
PBPBPPPPa 
DPBPPDDBP 

PDBDDDBDD 

DDBPDDBPD 

BBBaaBBBB 

DDBDPDBDD 

BBBBBBBBB 

DDBPDDBPD 

DDBPDDBPD 

□BBaPBBBP 

BPPPBPPPB 

BPPPBPPPB 

bpppbpppb 

BPPPPPPPB 

BPPPPPPPB 

PBPPPPPBP 

□PPPPPPPB 

□□□□□□□□B 

□□□□□□□□B 

□□□□□□□□B 

□PPPPPPPB 

□□□□□□□□B 


□□□□□□□□□ 

□PPPBPPBP 

□PPBPPPPB 

□PPBPPPPB 

□PPBPPPPB 

□PPBPPPPB 

□PPPBBBBP 

□□□□□□□□□ 

□PPPBPPBP 

□PPBPPBPB 

□PPBPPBPB 

□PPBPBPPB 

□PPBPBPPB 

□PPPBPPBP 

tM 

PPBPPPBPP 

PBPBPBPBP 

BPPPBPPPB 

bpppbpppb 

BPPPBPPPB 

BBaaaaBBB 

BPPPPPPPB 

PaaBPPPPB 

BDDDBDDBP 

BPPPBPBPP 

bpppbbpdp 

BDDDBPDDD 

BDPDBDDDD 

PPPPPPPPP 

PPPPPPPPP 

bbbbppppp 
■ PPPPPPPPP 
PPPPPPPPP 
BBBBPPPPP 
PPPPPPPPP 

□BBPPPPPB 

BPPBPPPPB 

BPPPBPPPB 

bpppbpppb 

BPPPBPPPB 

BDDDDBDDB 

PBPPPPBBB 

□□□□□□□□B 

□□□□□□PPB 

□□□□□□□□B 

BBaaBBBBB 

□□□□□□□□B 

□□□□□□PPB 

□□□□□□□□B 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

bpppbpppb 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

□□□□□□□□□ 

PPPPBBBBP 

□PPBPPPPB 

□PPBPPPPB 

□PPBPPPPB 

□PPPBPPBP 


- 

PPPBBBBBB 

PPBPPBPPP 

PBPPPBPPP 

BPPDPBPPP 

PBPPPBPPP 

PPBPPBPPP 

PPPBBBBBB 

PPBBBBBPB 

PBPPPPPBP 

BPPPPPBPB 

BPPPPBPPa 

BPPGPPPDB 

PBPPPPPBP 

ppBBBaapp 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

BBBBBBPPB 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

DPDDDDDPB 

PDDDDDDDB 

BBaaaBBBB 

DBDPDDDPB 

DPBDDDDDB 

PPPPPPPPP 

■ 

PPPPBPPPP 

PPPBBBPPP 

□PBPBPBPP 

PBPPBPPBP 

BPPPBPPPB 

BPPPBPPPB 

BPPPBPPPB 

□□□□□□PPB 

PPPPBBBBP 

□PPBPBPPB 

□PPBPBPPB 

□PPBPBPPB 

PPPBPBPPB 

□□□□□□BBP 

PPPPPPPPP 

BBaBBBBBB 

□BPBPPPPP 

BPPPBPPPP 

BPPPBPPPP 

BPPPBPPPP 
<4- PBBBPPPPP 


PBBBBBPBP 

BPPPPBPPB 

BPBBBBPPB 

BPBPPBPPB 

BDPBBBPPB 

PBPPPPPBP 

PPBBBBBPP 

PBBBPPPPP 

BPDDBDDDD 

BDDDBDDPD 

BDDDBDDPP 

BDDDBDPDD 

BDDPBDDPD 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

□□PPPPPPP 

PPPPPPPPP 

PPPPPPPPP 

PBBPPPPBP 

BPPBPPPPB 

BPPPBPPPB 

BPPPPBPPB 

□BPPPPBBP 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

BPPPPPPPB 

□□□□□□□□B 

□□□□□□BBP 

PPPPPBPPP 

□PPBBPPPP 

BPBPPPPPP 

BBPPPPPPP 

BBBPPPPPP 
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Functional Description (Continued) 


- 

□□□□□□□□□ 

■■■■■■■□□ 

□□□■annnn 

□□□■□□□□□ 

□□□□□□□□□ 

BBBBBBBDD 

BDDBDDBDO 

BBBBDDBDD 

BDDDDDBDD 

BBBBBBBDD 

□□□□□□□DO 

□□□□□□□ 

□DDDDBD 

□□□□BDD 

□DDBDDD 

ODBDDDD 

□BDDDDD 

□□□□□□□ 

□DDDDDD 

□□□□□□□ 

□□□□□□ODD 

□BBODDDDD 

BDDBDDDDD 

BDDBBDBDD 

BDDDDDDDD 

□BDDDDDDD 

□DDDDDDDD 

□□□□□□□□□ 

□BBBBBnaa 

BDDDDDBDD 

BDDDDDBDD 

BDDDDDBDD 

□BBBBBDDD 

□□□□□□□□□ 

□DDDDDDDD 

□□□□□□BDD 

□□□□□□BDD 

□□□□□□BDD 

□□DDDDBDD 

□□□□□□BDD 

□DDOGDODD 

□□□□□□□□□ 

DDDBBBDDD 

DDBDDDBDD 

DDBDDDBDD 

DDBDDDBDD 

□DDBBBDDD 

□DDDDDDDD 

□□□□□□□DD 

□BDBDBDDD 

BDBDBDBDD 

□BDBDBDDD 

BDBDBDBDD 

□BDBDBDDD 

DDDDDDDDD 

u. 

□□□□□□□□□ 

□□□DDDBOa 

■■■■■■■□□ 

■□□□□□□□a 

■■■■■■■□□ 

□□ODaoBDa 

□□□□ODDOa 

□□□□□□□□D 

BBBBBBBDD 

BDDBDaBDD 

BDDBBBBDD 

BDDDDDBDD 

BBBBBBBDD 

□□□□□DDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□□□□DDBDD 

□□□DDDDDD 

□DDDDDDDD 

DDDDDDDDD 

□□□□□DDDD 
□DDBDDDDD 
□DBDBDDDD 
. DBDDDBDDD 
BDDDDDBDD 
□DDDDDDDD 
DDDDDDDDD 

□DDDDDDDD 

BBBBBBBDD 

□□□□BDDDD 
□□□BaaoDD 
■ DDBODDDDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

□□□DBDDDD 

□DDBDDDDD 

□□□BDDDDD 

□DDBDDDDD 

□DDDBDDDD 

DDDDDDDDD 

□DDDDDDDD 

DDDBBBBDD 

□DBDDDDDD 

□DBDDDDDD 

□DBDDDDDD 

□DBBBBBDD 

□DDDDDDDD 

DDDDDDDDD 

BDDDDDDDD 

□BDDDDDDD 

□BDDDDDDD 

□BDDDDDDD 

□DBDDDDDD 

□DDDDDDDD 

a 

□□□□□□□□□ 

BBDBaoaDD 

□□BBDQDDD 

□□□BBBODD 

□□□□□□BOO 

□□□□BBDDD 

□□□□anoDD 

□□□□□□□□□ 

BBBBBBBDO 

BDDDDDBDD 

BDDBHBBDa 

BDDBDGBDD 

BBBBBBBDO 

□DDDDDDDD 

□DDDDDDDD 

□DDBDDDDD 

□DDBDDDDD 

□□□BDDDDD 

□□□BDDDDD 

DDnBDDDDD 

□DDDDDDDD 

□□□□□□□□□ 

□DBDBDDDD 

□DBDBDDDD 

□DBDBaDDD 

□DBDBDDDD 

□DODODDDD 

□□□□□□□□□ 

□□□□□□□□□ 

BBBBBBBDD 

□BDDDDDDD 

□□BBBDDDD 

□BDDDDDDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

BBBBBBBDD 

BDDDDDBDD 

BDDDDDBDD 

BDDUDUBDU 

□DDDDDDDD 

□DDDDDDDD 

DDDBBBBDD 

□DBDDDDDD 

DDDBBBBDD 

□DBDDDDDD 

UDBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDBDDDDD 

□BBDBBDDD 

BDDDDDBDD 

□DDDDDDDD 

□DDDDDDDD 

CJ 

□DODODDDD 

□BBBBBnOD 

BaDDDDBaD 

BBBBDDBaD 

BDDBQDBDD 

□BBBBBOQD 

□□□□□□□OQ 

DDDDDDDDD 

BBBBBBBDD 

BDDDDDBDD 

BBBBDDBDD 

BDDBDDBDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□□□DDDDDD 

DDDDBBDDD 

□□□□DDBDD 

DDDDDDDDD 

□DDDDDDDD 

DDDDDDDDD 

□DDDDDDDD 

BDDDDDBDD 

□BDDDBDDD 

□DBDBDDDD 

□DDBDDDDD 

□□□□□□□□□ 

□□□□□□□DO 

□□□□DDBDD 

□□□□□DBDD 

□□□□□□BDD 

□□□□DDBDa 

BBBBBBBDO 

□DDDDDDDD 

□□□DDDDDD 
□□□DDBDDD 
□□□DBDDDD 
□□□BDDDDD 
• DDBaDDDaD 
□BODDDDDD 
□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□□□□□□BDD 

BBBBBBBDD 

BDDDDDBDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

BBBDBBBDD 

□DDDDDDDD 
□DDDDDDDD 
, □□□□□□□□□ 

CO 

□□□□□□□□□ 

□BBBBBDDD 

BDDDDOBOD 

BDDBBBBaO 

BaoBODBaa 

□BBBBBDOa 

□□□□□□□□□ 

□DDDDDDDD 

□BBBBBDDD 

BDDBDDBDD 

BDDBDDBDD 

BDDBDDBDD 

□BBBBBDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDBDDDDD 

□DDBDDDDD 

□BBBBBDDD 

□GDBDDDDD 

□DDBDDDDD 

□DDDDDDDD 

□□□□□□□□□ 

□□□□□□□□a 

□DDDDDDDD 

DDBDBBDDD 

□DDDDDBDD 

□□□□□□□□□ 

□□□□□□□□□ 

□DDDDDDDD 

BDDDDDBDD 

□BDDDBDDD 

DDBDBDDDD 

DDDBDDDDD 

BBBBBBBDO 

□□nnODDDD 

□DDDDDDDD 

BDDDDDiaO 

BDDDDDBDD 

BDDDDDBDD 

□□□DDDDDD 

□DDDDDDDD 

DDBDDDBDD 

□DDBDBDDD 

□DDDBDDDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

DDDDDDDDD 

BDDDDDBDD 

□BBDBBDDD 

□DDBDDDDD 

□DDDDDDDD 

□DDDDDDDD 

< 

□BBBBHaDD 

BaaBDDBaa 

BaDBBBBQO 

■□□□□□HDD 

□BBBBBDOa 

nDDDaODDD 

□DDDDDDDD 

DBDDDDDDD 

BDDDDDDDD 

bdddbdbdd 

bddbddddd 

□BBDDDDDD 

DDDDDDDDD 

□DDDDDDDD 

□BDDDBDDD 

DDBDBDDDD 

BBBBBBBDD 

□DCDBDDDO 

DBDDDBDDO 

□□DDDDDOO 

□DDDDDDDD 

□□□□□□□□D 

□DDDDDDDD 

□□BDBDOOD 

□DDDDDDDD 

□□□□□□ODD 

□DDDDDDOD 

□DDDDDDDD 

BBBBBBDDD 

□□□□DDBDD 

□□DDDDBDD 

UUUUDUBDD 

□□□DDBaOD 

□DDDDDDDD 

□DDDDDDDD 

BBDDDDBDD 

BDBDDDBDD 

BDDBDDBDQ 

bdddbdbdd 

BDDDDBBDD 

□DDDDDDDD 

□□□□□DDDD 

□DDDDDDDD 

DDBDBBBBD 

□dddddddb 

□□□□□□DDB 

□□□□□□□BD 

□DDDDDDDD 

□DDDDDDDD 

□DBDDDBDD 

DDBBDDBDD 

□DBDHDHDD 

□DBDDBBDD 

DDBDDDBDD 

DDDDDDDDD 


□□□□□□□□□ 

□BBBBBDDD 

BDDBDGBDD 

BBBBDDBaa 

BDDDDDBDD 

□BBBBBDDD 

□□□□□□ODD 

□DDDDDDDD 

□DDDDDDDD 

□DDBDDDDD 

BBBBBBBDD 

□□□BDDODO 

□□□□□□□DO 

□DDDDDDDD 

DDDDDDDDD 

DDBBBDDDD 

□BDDDBDDD 

BDDDDDBDD 

□DDDDDDDD 

□□□□□□□□□ 

□DDDDDDDD 

DDDDDDDDD 

□BBBBDDDD 

BDDBDBDDD 

BDDBDDBDD 

BDDBDDBDD 

□BBDDDBDD 

□□□□□□□□□ 

□□DDDDODD 

□□□□□□ODD 

BDDDDDBDD 

BBBBBBBDD 

BDDDDDBDD 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□DO 

BBDDDDDDD 

□DBDDQDOD 

DDDBBBBDD 

□DBQDDDDD 

BBDODDOnD 

□□□□□□ODD 

□DDDDDDDD 

□DDDDDDDD 

□□□□□□BDD 

BDBBBBBDD 

DDBDDDBDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□DBBBBBBD 

DDDDDDBDB 

□DDDDDBDB 

□□DDDDBDD 

□DBBBBDDD 

□DDDDDDDD 

eo 

□□□□□□□□□ 

BBBBBBBDO 

BDGBDDBaa 

BODBDOBDO 

BDDBDDBDO 

BBBBBBBDO 

' □□□□□□□□□ 

DDDDDDDDD 

BBDDDBBDD 

BDBDBDBOO 

BDDBDDBDD 

BDBOJIDBOD 

BBDDDBBDD 

□DDDDDDDD 

□□□□□□□DO 

DDODDDDDD 

□□□□□□□□□ 

BDDDDOBOD 

□BDDDBDDD 

DDBBBDDDD 

□□□□□□□□□ 

□□□□□□ODD 

□BBDBBDDD 

BDQBOOBDD 

BDDBDOBDD 

BDDBODBDD 

□BBQBBDDa 

□□□□□□□□□ 

□□□□□□□□□ 

BBBBBBBDD 

□□□BDDDDD 

□ddbdoddd 

□□□BDDDDD 

BBBBBBBDD 

□□□□□□□□□ 

□DDDDDDDD 

BBDDDBBDD 

□DBDBDDDD 

□DDBDDDDD 

aDBQBDODD 

BBDDDBBDD 

□DDDDDDDD 

□DDDDDDDD 
DDDBBBBDD 
□DBDDDDDD 
DDBDDDDDD 
• DDBDDDDDD 
BBBBBBBDD 
□DDDDDDDD 

□DDDDDDDD 

□DBDDDBDD 

□DDBDBDDD 

□□□DBDDDD 

DDDBDBDDD 

□DBDDDBDD 

□□□□□□ODD 

- 

□□□□□□□□□ 

DDDDBBBDD 

□□□BDDBDD 

□□□BDDBDD 

□GDBDDBDO 

□□□DBBBDD 

□□□□□□□□□ 

□DDDDDDDD 

. DBBBBBODD 

BDDDDDBDD 

BOOBDDBDD 

BDDDDDBDD 

□BBBBBDDD 

DDDDDDDDD 

□DDDDDDDD 

□□□□□DDDD 

□DDDDDDDD 

BBBDDDDDD 

DDDDDDDDD 

□□□□□□ODD 

□□□□DDDDD 

□□□□□□ODD 

BBBDDDDDD 

BDDBDDDDD 

BDDDBDDDD 

BDDDDBDDD 

BDDDDDBDD 

□□□□□□□□□ 

□□□□□□□□□ 

BBDDBBBDD 

BDDDBDBDD 

BDDDDDBDD 

BDDDDDBDD 

□BBBBBDDD 

□□□□□□□DO 

□DDDDDDDD 

BBBBBBDDD 

□□□□□□BDD 

□DDBBBDDD 

□□DDDDBDD 

BBBBBBDDD 

□□□□OODDD 

□DDDDDDDD 

□DBBBBBBD 

□DBDDDBDB 

□DBDDDBDB 

□DBDDDBDD 

□DDBBBDDD 

□DDDDDDDD 

□DDDDDDDD 

□DBBBBDDD 

□□□□□□BDD 

DDDOBBODD 

□□□□□□BDD 

□DBBBBDDD 

□□□□□□ODD 


□□□□□□ODD 

BUDDDDDDD 

□DBBDDDDD 

□□□DBBDDD 

□□□□□□BDD 

□□□□BBDDD 

□□□□□□□□D 

□DDDDDDDD 

□BBBBBDDD 

BDBDBDBDD 

BDDBDDBDD 

BDBDBDBDD 

□BBBBBDDD 

DDDDDDDDD 

□□□□□□□□□ 

□□□□BDBDD 

□□□DDBDDD 

□bbdbdbdd 

BDDBDDBDO 

□BBDBBDOO 

DDDDDDDDO 

□□□□□□□□□ 
BDDDBBDDD 
BDDBDDBDD 
BDDBDDBOD 
□BDBDDBDD 
□DBBBBDDD 
' .DDDDDDDDD 

□DDDDDDDD 

BDDDDDDDD 

BDDBDDDDD 

BDDBDDDDD 

BDDBDDDDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

BBBDDDDDD 

□DDBBDDDD 

□ODDDBBDD 

DDDBBDDDD 

BBBDDDDDD 

□□□□□□ODD 

DDDDDDDDD 

□□□□□□□DD 

BDDBDDDDD 

□BBBBBBDD 

□DDBDDDDD 

□DDDDDDDD 

'□□□□□□□DD 

□DDDDDDDD 

DDBBBDDDD 

□□□DDBDDD 

□□□□□□BDD 

□□□DDBDDD 

DDBBBDDDD 

□DDDDDDDD 


□□□□□□□□□ 

BBBBBBBDO 

BDBDBDBDD 

BDDBDDBDD 

BDBDBDBDD 

BBBBBBBDO 

□□□□□□□DD 

□□□□□□□□□ 

BDDBDDBDD 

BDDBODBDD 

□BDBDBDDD 

DDBBBDDDD 

DDDBDDDDD 

□DDDDDDDD 

□□□DDDDDD 

□BODOBBOD 

□DBDDBBOO 

□DDBDDDOO 

BBDDBDDDD 

BBDDDBDDD 

□DDDDDDDD 

□□□□□□□□□ 

BDDBBBDDD 

BDBDDDBDD 

BDBDDDBDD 

BDBDDDBOD 

BBBDDBDOD 

□□□□□□□□□ 

□DDDDDDDD 

BDDDDDBDD 

BDDBDDBDD 

BDDBODBDD 

BDDBODBDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

BBBBBBDDD 

□□□□□□BDD 

□□□□□□BDD 

□□□□□□BDD 

BBBBBBDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDBBDDDD 

DDBDBDBDD 

DDBDBDBDD 

DDBDBDBDD 

□DDBBBDDD 

DDDDDDDDD 

□DDDDDDDD 

□DBBBBDDD 

□□DDDDBDD 

□□□□□□BDD 

□□□□□□BDD 

□DBBBBDDD 

□DDDDDDDD 

* 

□□□□□□□□□ 

□DDDBBBDD 

aDDBDDaOD 

□ BiiBBDDDD 

□DBDDDDDD 

BBDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□BBDBDDDD 

□DDBDBDDD 

□BBBBBBDD 

□DDBDBDDD 

□BBDBDDDD 

□DDDDDDDD 

□DDDDDDDD 

□BDDBDDOn 

□BDBDBDOD 

BBBBBBBDD 

□BDBaBDDD 

□DBDDBDDD 

□□□□□□□□□ 

□□□□□□ODD 

□DDDBDDDD 

BBBBBBBDD 

I DBDDBDDDD 
□□BDBDDDD 
□□□BBDDDD 
□□□□□□□□□ 

□DDDDDODD 

□BBBBBDDD 

BDDDODBDO 

BDDDDDBOD 

BDDDDDBDG 

BBBBBBBDD 

□DDDDDDDD 

□□□□□□□DO 

BBDDDDDDD 

BDDDDDDDD 

BBBBBBBDD 

BDDDDDDDD 

BBDDDDDDD 

□DDDDDDDD 

DDDDDDDDD 

BBBBBBBDD 

DDBDDDBDD 

DDBDDDBDD 

DDBDDDBDD 

□DDBBBDDD 

□DDDDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□DBDDDBDD 

□BBBBBDDD 

□DBDDDDDD 

□DDDDDDDD 

□□□□□□□□□ 

.n 

□DDCDDDDD 

BBBMBBBDD 

□□□□□□BOa 

□□□□□□BDD 

□□□□□□BDD 

□□□□□□BDD 

□□□□□□□□□ 

□DDDDDDDD 

BBBBDDDGD 

ddddbbddd 

BBBBBBBDD 

□DDDBBDaD 

BBBBDDDDD 

□DDDDDDDD 

□DDDDDDDD 

□□BDBDDDD 

BBBBBBBDD 

□DBDBDDDD 

BBBBBBBDD 

□DBDBDDDD 

□□□□□□□□□ 

□□□□□□□□□ 

BBDDBBDDO 

BDBBDDBDD 

BDDBDDBDD 

BDDDDDBDD 

BDDDDBDDD 

□□□□□□□DO 

□DDDDDDDD 

□BDDDBDDD 

BDDDDDBDD 

BDDDDDBDD 

BDDDDDBDD 

□BBBBBDDD 

□DDDDDDDD 

□DDdDDDDD 
□BDDBBDDD 
, BDDBDDBDD 
BDOBDOBDO 
BDDBDDBDD 
□BBDDBDDD 
□DDDDDDDD 

□DDDDDDDD 

DDBDDDBDD 

DDBDDDBDD 

DDBDDDBDD 

DDBDDDBDD 

□DDBBBDDD 

□DDDDDDDD 

□DDDDDDDD 

□DBDDBDDD 

DDBDBDBDD 

DDBDBDBDD 

DDBDHDaDD 

□□□BDDBDD 

□DDDDDDDD 

- 

□□□□□□□□□ 

□□□□□□BDD 

□□□□□□BDD 

BBMiiaaBaa 

□□□□□□BDD 

□□□□□□BDD 

□□□□□□□□□ 

□□□□□□□□□ 

BDDBDDBDD 

BDDBDDBDD 

BDDBDDBDD 

BDDBDDBDD 

BDDBDDBDD 

□DDDDDDDD 

□□□□□□□□□ 

□□□□□□□□□ 

BBBDDDDao 

□□□□□□□□□ 

BBBDDDDDD 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□BBDDDBDD 

BDDBDOBDD 

bddoddodd 

BDDBDDBDD 
’ OBDaBBBDa 
□□□□□□□□□ 

□□□□□□□□□ 

□BBDBBDDD 

BDDBDDBDD 

BDDBDDaOD 

BDDBDDBDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

□BBDDDBDD 

bddmdbddd 

bddbbdddd 

bddbddddd 

BBBBBBBDD. 

DDDDDDDDD 

□□□□□□ODD 

□DDBBBDDD 

□DBDDDBDD 

DDBDDDBDD 

□DBDDDBDD 

BBBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

□DBDDDDDD 

□□BDaDDQD 

□DDBDDDDD 

□DBBBBBDD 

□DDDDDDDD 

□DDDDDDDD 

- 

□□□□□□□□□ 

BDDDDDGDD 

BDDDDDQDD 

BDDDDDDDD 

BDDDDDDDD 

BBBBBBBDD 

□□□□□□□□□ 

DDDDDDDDD 

□DDBDDDDD 

DDBBBDDDD 

DBDBDBDDD 

BDDBDDBDD 

BDDBDDBDD 

□DDDDDDDD 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

’ BBBBBDBDD 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□boqI 

BBBBBBBDDi 

□ BDDDDBDDi 
□□□□□□□□□ 
□□□□□□□□□ 

□DDDDDDDD 

□DBBBBBDD 

□BDDBDDDO 

BDDDBDDDD 

DBDDBDDDD 

□□BBBBBOD 

□□□□□□□□□ 

□DDDDDDDD 

□BBBBDBDD 

BDDDDBDDD 
BDDDBDBDD 
, BDDDDDBDD 

□BBBBBDDD 

□DDDDDDDD 

□DDDDDDDD 

DDDBBBBDD 

DDBDBDBDD 

DDBDBDBDD 

□DBDBGBDD 

□□□DDBDDD 

□DDDDDDDD 

□DDDDDDDD 

□DBBBBBBB 

□DBDDDBDD 

□DBDDDBDD 

DDBDDDBDD 

□DDBBBDDD 

□DDDDDDDD 


□□□□□□□□□ 

BBBBBBBDD 

BDQDDDBQD 

BDDDDDBDD 

BDDDDDBDD 

BBBBBBBDD 

□□□□□□□□□ 

DDDDDDDDD 

DDDDDBBDD 

□DDBBDDDD 

BDBDDDDDD 

BBDODDDaD 

BBBDDDDDD 

□DDDDDDDD 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

DDDDDDDDD 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□bbbbbdddI 

BDBDDDBDD, 

BDDBDDBDD 

bdddbdbdd 

□BBBBBDDD 

□ □□□□□□□□i 

□□□□□□□□□ 

□BBBDDBaa 

BDDBBDBDD 

BDBBBDBOD 

BDDDDDBDD 

□BBBBBDDD 

□□□□□□□□□ 

□DDDDDDDD 
□BBDDDDDD 
, BDDBDDDDD 
BDDBDDDDD 
BDDBDDDDD 
BBBBBBBDD 
DDDDDDDDD 

□DDDDDDDD 
□DDDDDDDD 
□DBDDDDDD 
□BDDDDDDD 
' BDDDDDDDD 
□DDDDDDDD 
□DDDDDDDD 

□DDDDDDDD 

□DDBBBDDD 

□DBDDDBDD 

DDBDDDBDD 

□DBDDDBDD 

□DBBBBBBB 

DDDDDDDDD 

\ A0-A3 

A4-A6 \ 

O ^ 

- 

- 



in 


- 


a 

o 

00 


LU 

CC 

D 
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Section 22 

Bipolar and 
ECL RAMs 



DEVICE 

DESCRIPTION 

PAGE 

NUMBER 

DM54S189/DM74S189 

64-Bit (16x4) TRI-STATE RAM 

22-3 

DM54S289/DM74S289 

64-Bit Open-Collector RAM 

22-3 

DM54S189A/DM74S189A 

High Speed 64-Bit TRI-STATE RAM 

22-3 

DM75S06/DM85S06 

Open-Collector64-Blt (16x4) RAM 

22-10 

DM75S07/DM85S07 

TRI-STATE 64-Bit (16x4) RAM 

22-10 

DM75S07A/DM85S07A 

High Speed TRI-STATE Non-Inverting 64-Bit (16x4) RAM 

22-10 

DM77S401/DM87S401, 

DM77S402/DM87S402 

First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 

22-16 

DM77S401A/DM87S401A, 

DM77S402A/DM87S402A 

First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 

22-20 

DM75S68/DM85S68 

16x4 Edge Triggered Registers 

22-24 

IDM29705/29705A 

16-Word by 4-Bit Two-Port RAM/Register File 

22-27 

DM10414, DM10414A 

256 X 1 ECL Random Access Memory 

22-32 

DM10415, DM10415A 

1024 X 1 ECL Random Access Memory 

22-37 

DM10422 

1024-Bit (256x4) ECL RAM 

22-42 

DM10422A 

1024-Bit (256x4) ECL RAM 

22-45 

DM10470 

Standard 4096-Bit (4096 x 1) ECL RAM 

22-48 

DM10470A 

High Speed 4096-Bit (4096 x 1) ECL RAM 

22-48 

DM10470L 

Low Power 4096-Bit (4096 x 1) ECL RAM 

22-48 

DM10474/DM10474A 

(1024 X 4) 4096-Bit, 10k ECL RAM 

22-53 





National 

Semiconductor 


Bipolar and ECL RAMs 


DM54S189/DM74S189 64-Bit (16 x 4) TRI-STATE^ RAM 
DM54S289/DM74S289 64-Bit Open-Collector RAM 
DM54S189A/DM74S189A High Speed 64-Bit TRI-STATE RAM 


General Description 

These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 vjords of 4 bits each. They are fully de- 
coded and feature a chip-enable input to simplify decod- 
ing required to achieve the desired system organization. 
The memories feature PNP input transistors that reduce 
the low level input current requirement to a maximum of 
- 0.25 mA, only one-eighth that of a DM54S/DM74S stand- 
ard load factor. The chip-enable circuitry is implemented 
with minimal delay times to compensate for added system 
decoding. 


The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it 
can be bus connected to other similar outputs; yet it re- 
tains the fast rise time characteristics of the TTL totem- 
pole output. Systems utilizing data bus lines with a de- 
fined pull-up impedance can employ the open-collector 
DM54S289. 


Write Cycle: The complement of the information at the 
data input is written Into the selected location when both 
the chip-enable input and the read/write input are low. 
While the read/write input is low, the outputs are in the 
high-impedance state. When a number of the DM54S189 
outputs are bus connected, this high-impedance state will 
neither load nor drive the bus line, but it will allow the bus 
line to be driven by another active output or a passive pull- 
up if desired. 


Read Cycle: The stored information (complement of infor- 
mation applied at the data inputs during the write cycle) is 
available at the outputs when the read/write input is high 
and the chip-enable is low. When the chip-enable Is high, 
the outputs will be in the high-impedance state. 

The fast access time of the DM54S189A makes it par- 
ticularly attractive for implementing high-performance 
memory functions requiring access times less than 25 ns. 
The high capacitive drive capability of the outputs permits 
expansion without additional output buffering. The 
unique functional capability of the DM54S189A outputs 
being at a high-impedance during writing, combined with 
the data inputs being inhibited during reading, means that 
both data Inputs and outputs can be connected to the data 
lines of a bus-organized system without the need for Inter- 
face circuits. 

Features 

■ Schottky-clamped for high speed applications (S189A) 

access from chip-enable input 17 ns max 

access from address inputs 25 ns max 

■ TRI-STATE outputs drive bus-organized systems and/or 
high capacitive loads (S189, S189A) 

■ DM54S289/DM74S289 are functionally equivalent and 
have open-collector outputs 

■ DM54SXXX is guaranteed for operation over the full 
military temperature range of - 55°C to + 125®C 

■ Compatible with most TTL circuits 

■ Chip-enable input simplifies system decoding 


Connection Diagram 

Dual-In-Line Package 

SELECT INPUTS DATA DATA 



TOP VIEW TUU5197-1 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Truth Table 


Function 

Inputs 

Output 

Chip- 

Enable 

Read/ 

Write 

Write 

(Store Complement of Data) 

L 

L 

High-Impedance 

Read 

L 

bsh 

Stored Data 

Inhibit 

H 

wm 

High-Impedance 


H = High Level 
L = Low Level 
X = Don’t Care 


Order Number DM54S189J, DM54S189AJ, DM74S189J, 
DM74S189AJ, DM54S289J or DM74S289J 
See NS Package J16A 

Order Number DM74S189N, DM74S189AN or DM74S289N 
See NS Package N16E 


2 # 
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DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 








DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 


Absolute Maximum Ratings (Note i) Operating Conditions 


Supply Voltage, Vcc 

7.0V 

Supply Voltage (Vqc) 

Min 

Max 

Units 

Input Voltage 

5.5V 

DM54S189, DM54S289 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DM74S189, DM74S289 

4.75 

5.25 

V 

Storage Temperature Range - 

65"Cto -f 150‘’C 

Temperature (T^) 

DM54S189, DM54S289 

-55 

-f 125 

°c 

Lead Temperature (Soldering, 10 seconds) 

300°C 

DM74S189, DM74S289 

0 

+ 70 

°c 


DM54S189/DM74S189, DM54S289/DM74S289 Eiectricai Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

VoH 

High Level Output Voltage 

Vcc = Min 

loH= -2.0 mA, DM54S189 

2.4 

3.4 


V 

loH= -6.5 mA, DM74S189 

2.4 

3.2 


•CEX 

High Level Output Current 
Open Collector Only 

Vcc = Min 

Voh = 2.4V 



40 

fiA 

Voh = 5.5V 



100 

_i 

o 

> 

Low Level Output Voltage 

Vcc = Min, Iql = IB mA 

DM54S189, DM54S289 



0.5 

V 

DM74S189, DM74S289 



0.45 

l|H 

High Level Input Current 

Vcc = Max, V, = 2.7V 



25 

fiA 

l| 

High Level Input Current at 
Maximum Voltage 

Vcc = Max, V, = 5.5V 



1.0 

mA 

l|L 

Low Level Input Current 

Vcc = Max, V, = 0.45V 



-250 

mA 

•os 

Short Circuit Output 

Current (Note 4) 

Vcc = Max, Vo = 0V 

DM54S189, DM74S189 

-30 


-100 

mA 

•cc 

Supply Current (Note 5) 

Vcc = Max 


75 

110 

mA 

Vic 

Input Clamp Voltage 

Vcc = Min, h= -18 mA 



-1.2 

V 

•OZH 

TRI-STATE Output Current, 
High Level Voltage Applied 

Vcc=Max, Vo = 2.4V 

DM54S189, DM74S189 



50 

(lA 

•OZL 

TRI-STATE Output Current, 
Low Level Voltage Applied 

Vcc= Max, Vo = 0.45V 

DM54S189, DM74S189 

-50 



liA 

C|N 

Input Capacitance 

Vcc = 6V, V,N = 2V, Ta = 25^, 1 MHz 


4.0 


PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25*C, 1 MHz, 

Output “OFF” 


6.0 


PF 


DM54S189/DM74S189 Switching Characteristics 

over recommended operating ranges of and Vcc unless otherwise noted 


Symboi 

Parameter 

Conditions 

DM54S189 

DM74S189 

Units 

Min 

lyp 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

tAA 

Access Times from Address 

Cl = 30 pF, 
Rl=280« 
{Figure 4) 


25 

50 


25 

35 

ns 

tcZH 

Output Enable Time to 
High Level 

Access Times from 
Chip-Enable 


12 

25 


12 

17 

ns 

ICZL 

Output Enable Time to 
Low Level 


12 

25 


12 

17 

ns 

fwZH 

Output Enable Time to 
High Level 

Sense Recovery Times 
from Read/Write 


13 

35 


13 

25 

ns 

twZL 

Output Enable Time to 
Low Level 


13 

35 


13 

25 

ns 
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DM54S189/DM74S189 Switching Characteristics (Continued) 

over recommended operating ranges of and Vcc uniess otherwise noted 



I 



DM54S189 

DM74S189 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

Units 

tCHZ 

Output Disable Time 
from High Level 

Disable Times from 



12 

25 


12 

17 

ns 

fCLZ 

Output Disable Time 
from Low Level 

Chip-Enable 

Cl=5pF, 

Rl-280!) 


12 

25 


12 

17 

ns 

twHZ 

Output Disable Time 
from High Level 

Disable Times from 

{Figure 4) 


15 

35 


15 

25 

ns 

twLZ 

Output Disable Time 
from Low Level 

Read/Write 



15 

1 

35 


15 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


25 



25 



ns 

tASW 

Set-Up Time {Figure 1) 

Address to Read/Write 


0 



0 



ns 

fosw 


Data to Read/Write 


25 



25 



ns 

fcsw 


Chip-Enable to 

Read/Write 


0 



0 



ns 

Umw 

Hold Time {Figure 1) 

Address from Read/Write 


■ 0 



0 


! 

ns 

hHW 


Data from Read/Write 


0 



0 



ns 

fcHW 


Chip-Enable from 
Read/Write 


0 

I 


i 

0 



ns 


DM54S289/DM74S289 Switching Characteristics 

over recommended operating ranges of and Vcc unless otherwise noted 






DM54S289 

DM74S289 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

Units 

^AA 

Access Times from Address 



25 

50 


25 

35 

ns 

tcHL 

Enable Time from 
Chip-Enable 


Cl = 30 pF, 
Rl! = 3000, 
Rl2 = 60(X2 
{Figure 4) 


12 

25 


12 

17 

ns 

twHL 

Enable Time from 
Read/Write 

Sense Recovery Time 
from Read/Write 


13 

35 


13 

25 

1 

ns 

fCLH 

Disable Time from 
Chip-Enable 



12 

25 


12 

20 

ns 

twLH 

Disable Time from 
Read/Write 




13 

35 


13 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


25 



25 



ns 

Usw 

Set-Up Time {Figure 2) 

Address to Read/Write 


0 



0 



ns 

^DSW 


Data to Read/Write 


25 



25 



ns 

fcsw 


Chip-Enable to 

Read/Write 


0 



0 



ns 

Uhw 

Hold Time {Figure 2) 

Address from Read/Write 


0 



0 



ns 

tOHW 


Data from Read/Write 


0 



0 



ns 

tcHW 


Chip-Enable from 
Read/Write 

1 

0 



0 



ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Uniess otherwise specified min/max limits appiy across the - SS^C to + 125°C temperature range for the DM54S189/289 and across the O^C to + YO^C 
range for the DM74S189/289. All typicals are given for Vqc = 5.0V and T/y = 25'’C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Iqc is measured with all inputs grounded; and the outputs open. 
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DM54S189/OM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 



DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 


Absolute Maximum Ratings (Note i) 


Supply Voltage, Vcc 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range - 65°C to + 150“C 

Lead Temperature (Soldering, 10 seconds) 300“C 


Operating Conditions 



Min . 

Max 

Units 

Supply Voltage (Vcc) 

DM54S189(A)/DM54S289 

4.5 

5.5 

V 

DM74S189(A)/DM74S289 

4.75 

5.25 

V 

Temperature (T^) 

DM54S189(A)/DM54S289 

■ -55 

-H125 

°c 

DM74S189(A)/DM74S289 

0 

■f70 

X 


DM54S189A/DM74S189A Eiectricai Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Symbol 

Parameter 

Conditiorts 

Min 

Typ 

Max 

Units 

V,H 

High Level Input Voltage 


2 



V 

V,L 

Low Level Input Voltage 




0.8 

V 

VoH 

High Level Output Voltage 

Vcc = Min 

loH = - 2.0 mA DM54S189A 

2.4 

3.4 


V 

loH = - 6.5 mA DM74S189A 

2.4 

3.2 


_J 

o 

> 

Low Level Output Voltage 

Vcc = 

•ol = ‘^6 mA 



0.45 

V 

loL — 20 mA 



0.5 

i|H 

High Level Input Current 

Vcc=IVIax, V, = 2.4V 



10 

fiA 

l| 

High Level Input Current at 
Maximum Voltage 

Vcc = Max, V| = 5.5V 



1.0 

mA 

IlL 

Low Level Input Current 

Vcc = IVIax, V| = 0.40V 



-250 

ptA 

•os 

Short Circuit Output 

Current (Note 4) 

Vcc = Max, Vo = 0V 

-20 


-90 

, mA 

•cc 

Supply Current (Note 5) 

Vcc = Max 


75 

100 

mA 

V|C 

Input Clamp Voltage 

Vcc ~ Min, l| = — 18 mA 



-1.2 

V 

•OZH 

TRI-STATE Output Current, 
High Level Voltage Applied 

Vcc = Max, Vo = 2.4V 



40 

fiA 

•OZL 

TRI-STATE Output Current, 
Low Level Voltage Applied 

Vcc = Max, Vo = 0.4V 

-40 



fiA 


Input Capacitance 

Vcc = 5V, V|n = 2V,Ta = 25°C, 1 MHz 


4.0 


PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V,Ta = 25X, 1 MHz, 

Output “OFF” 


6.0 


PF 
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DM54S189A/DM74S189A Switching Characteristics 

over recommended operating ranges of and Vcc unless otherwise noted 


Symbol 

Parameter 

Conditions 

DM54S189A 

DM74S189A 

Units 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

tAA 

Access Times from Address 

Cl = 30pF, 
Rl = 280« 
{Figure 4) 


20 

30 


20 , 

25 

ns 

tcZH 

Output Enable Time to 
High Level 

Access Times from 
Chip-Enable 


11 

25 


11 

17 

ns 

tcZL 

Output Enable Time to 
Low Level 


11 

25 


11 

17 

ns 

twZH 

Output Enable Time to 
High Level 

Sense Recovery Times 
from Read/Write 


13 

35 


13 

25 

ns 

twZL 

Output Enable Time to 
Low Level 


13 

35 


13 

25 

ns 

tcHZ 

Output Disable Time 
from High Level 

Disable Times'from 
Chip-Enable 

Cl = 5pF, 

Rl = 28012 
{Figure 4) 


12 

25 


12 

17 

ns 

^CLZ 

Output Disable Time 
from Low Level 


12 

25 


12 

17 

ns 

^WHZ 

Output Disable Time 
from High Level 

Disable Times from 
Read/Write 


15 

35 


15 

25 

ns 

twLZ 

Output Disable Time 
from Low Level 


15 

35 


15 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


25 



20 



ns 

^ASW 

tosw 

tcsw 

SeLUp Time {Figure 1) 

Address to Read/Write 


0 



0 



ns 

Data to Read/Write 


25 



20 



ns 

Chip-Enable to 

Read/Write 


0 



0 



ns 

Uhw 

^DHW 

^CHW 

Hold Time {Figure 1) 

Address from Read/Write 


0 



0 



ns 

Data from Read/Write 


0 



0 



ns 

Chip-Enable from 
Read/Write 


0 



0 



ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55“C to + 125°C temperature range for the DM54S189(A) and across the O'C to + 70°C 
range for the DM74S189(A). All typicals are given for Vqq = 5.0V and Ta = 25‘’C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4; Only one output at a time should be shorted. 

Note 5: Iqq is measured with all inputs grounded; and the outputs open. 
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DM54S189/OM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 




DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74St89A 


DM54S189(A)/DM74S189(A) Switching Time Waveforms 


Enable and Disable Time from Chip-Enable 


Write Cycle 



Access Time from Address inputs 



ADDRESS 

INPUTS 


DATA 

INPUTS 


CHIP ENABLE 
INPUT 


READ/WRITE 

INPUT 


WAVEFORM 1 
<N0TE 1) 


WAVE FORM 2 
(SI OPEN, 
S2 CLOSED) 
(NOTE 1) 



FIGURE 1 


Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal con- 
ditions such that the output is high except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable Input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: tr<2.5 ns, tf <2.5 ns, PRR<1 MHz and ZouT*50g. 


DM54S289/DM74S289 Switching Time Waveforms 


Enable and Disable Time from Chip-Enable 


Write Cycle 


CHIP ENABLE 
INPUT 
(NOTE 3) 


WAVEFORM 1 
(NOTE 1) 






Access Time from Address Inputs 




FIGURE 2 


Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chtp-enable input is low and the read/write Input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: XfisZ.S ns, tf <2.5 ns, PRRsI MHz and ZouT®^®^- 
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Block Diagram 


ADDRESS I I ADDRESS I 1 OF 16 

IWPUTS I 14 BUFFERS I DECODERS 


64-BIT MEMORY 
MATRIX 
ORGANIZED 
16x4 


CHIP ENABLE (CE) • 


READ/WRITE (R/W) — 


WRITE AND SENSE 
AMPLIFIER CONTROL 


DATA INPUTS ^ 10 

1 D3 

12 

D4 


FIGURES 


Y1 YZ Y3 


AC Test Circuits 


DM54S189(A)/DM74S189(A) 



C|_ includes probe and jig capacitance. 
All diodes are 1N3064. 


DM54S289/DM74S289 


'^ 1 - 


DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 





DM75S06/DM8SS06, DM7SS07/DM85S07, DM75S07A/DM85S07A 


National 

Semiconductor 


Bipolar and ECL RAMs 


DM75S06/DM85S06 Open>Collector 
DIVI75S07/DM85S07 TRI-STATE 
DM75S07A/DM85S07A High Speed TRI-STATE 
Non-Inverting, 64-Bit (16 x 4) RAMs 


General Description 


These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully de- 
coded and feature a chip-enable input to simplify decod- 
ing required to achieve the desired system organization. 
The memories feature PNP input transistors that reduce 
the low level input current requirement to a maximum of 
- 0.25 mA, only one-eighth that of a DM54S/DM74S stand- 
ard load factor. The chip-enable circuitry is implemented 
with minimal delay times to compensate for added system 
decoding. 

The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it 
can be bus-connected to other similar outputs; yet it re- 
tains the fast rise time characteristics of the TTL totem- 
pole output. Systems utilizing data bus lines with a de- 
fined pull-up impedance can employ the open-collector 
DM75S06. 

Write Cycle: The information at the data Input Is written 
into the selected location when both the chip-enable input 
and the read/write input are low. While the read/write input 
is low, the outputs are in the high-impedance state. When 
a number of the DM85S07 outputs are bus-connected, this 
high-impedance state will neither load nor drive the bus 
line, but it will allow the bus line to be driven by another ac- 
tive output or a passive pull-up if desired. 

Read Cycle: The stored information is available at the 
outputs when the read/write input is high and the chip- 


Connection Diagram 


Dual-ln-Line Package 


DATA DATA 

INPUT OUTPUT INPUT OUTPUT 
4 Y4 3 Y3 


enable is low. When the chip-enable Is high, thd outputs 
will be In the high-impedance state. 

The fast access time of the DM75S07A makes it particu- 
larly attractive for implementing high-performance mem- 
ory functions requiring access times less than 25 ns. The 
high capacitive drive capability of the outputs permits ex- 
pansion without additional output buffering. The unique 
functional capability of the DM75S07 outputs being at a 
high-impedance during writing, combined with the data in- 
puts being inhibited during reading, means that both data 
inputs and outputs can be connected to the data lines of a 
bus-organized system without the need for interface 
circuits. 


Features 

■ Schottky-clamped for high speed applications (75S07A) 

access from chip-enable input 1 7 ns max 

access from address Inputs 25 ns max 

■ TRi-STATE outputs drive bus-organized systems and/or 
high capacitive loads 

■ DM75S06, DM85S06 are functionally equivalent and 
have open-collector outputs 

■ DM75SXX is guaranteed for operation over the full 
military temperature range of - 55X to + 125®C 

■ Compatible with most TTL logic circuits 

■ Chip-enable input simplifies system decoding 


Truth Table 


Function 


Inputs 

Chip- Read/ 

Enable Write 



SELECT CHIP READ/ DATA OUTPUT DATA OUTPUT GND 

INPUT A ENABLE WRITE INPUT Y1 INPUT Y2 


I Write I L I L I High-Impedance | 


Stored Data 


I Inhibit | H | X | High-Impedance | 

H = High Level 
L= Low Level 
X = Don’t Care 

Order Number DM75S06J, DM75S07J, DM75S07AJ, 
DM85S06J, DM85S07J or DM85S07AJ 
See NS Package J16A 

Order Number DM85S06N, DM85S07N or DM85S07AN 
See NS Package N16E 


TRI-STATE® is a registered trademark of Nationai Semiconductor Corp. 
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Absolute Maximum Ratings (Note d Operating Conditions 





Min 

Max 

Units 

Supply Voltage, Vcc 

7.0V 

Supply Voltage (Vcc) 




Input Voltage 

5.5V 

DM75S06/DM75S07(A) 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DM85S06/DM85S07(A) 

4.75 

5.25 

V 

Storage Temperature Range - 

Lead Temperature (Soldering, 10 seconds) 

65“Cto -f-150"C 

300"C 

Temperature (Ta) 

DM75S06/DM75S07(A) 

DM85S06/DM85S07(A) 

-55 

0 

-1-125 
+ 70 

°c 

°c 


Electrical Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VlH 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

Vqh 

High Level Output Voltage 

Vcc = Min 

loH= -2.0 mA, DM75S07(A) 

2.4 

3.4 


V 

loH= -5.2 mA, DM85S07(A) 

2.4 

3.2 


V 

•CEX 

High Level Output Current 
Open-Collector Only 

Vcc = Min 

Voh = 2.4V 



40 


Voh = 5.5V 



100 

/.A 

VoL 

Low Level Output Voltage 

Vcc= Min 

Iol = 16 mA 



0.45 

V 

Iol = 20 mA 



0.5 

V 

l|H 

High Level Input Current 

Vcc = Max, V, = 2.4V 



10 

HA 

ii 

High Level Input Current at Maximum 
Voltage 

Vcc = Max, V| = 5.5V 



1.0 

mA 

l|L 

Low Level Input Current 

Vcc = Max, V| = 0.40V 



-250 

jxA 

■os 

Short Circuit Output Current (Note 4) 

Vcc = Max, Vo = 0V 

DM75S07(A), DM85S07(A) 

-30 


-90 

mA 

•cc 

Supply Current (Note 5) 

Vcc = Max 


75 

100 

mA 

V|C 

Input Clamp Voltage 

Vcc = Min, l| = - 18 mA 



-1.2 

V 

•OZH 

TRI-STATE Output Current, High Level 
Voltage Applied 

Vcc = Max, Vo = 2.4V 

DM75S07(A), DM85S07(A) 



40 

fiA 

•OZL 

TRI-STATE Output Current, Low Level 
Voltage Applied 

Vcc = Max, Vo = 0.4V 

DM75S07(A), DM85S07(A) 

-40 




C|N 

Input Capacitance 

Vcc = 5V, V,N = 2V, Ta = 25‘’C, 1 MHz 


4 


PF 

Co 

Output Capacitance 

Vcc = 5V, Vo = 2V, Ta = 25"C, 1 MHz 

Output “Off” 


6 


PF 


22 
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DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 



DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 


DM75S07/DM85S07 Switching Characteristics 

over recommended operating ranges of Ta and Vcc unless otherwise noted 





DM75S07 

DM85S07 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 

Ua 

Access Times from Address 



25 

50. 


25 

35 

ns 

^CZH 

Output Enable Time to 
High Level 

Access Times from 



12 

25 


12 

17 

ns 

^CZL 

Output Enable Time to 
Low Level 

Chip-Enable 

Cl = 30pF, 
RL = 280n 
{Figure 4) 


12 

25 


12 

17 

ns 

twZH 

Output Enable Time to 
High Level 

Sense Recovery Times 


13 

35 


13 

25 

ns 

^WZL 

Output Enable Time to 
Low Level 

from Read/Write 



13 

35 


13 

25 

ns 

^CHZ 

Output Disable Time 
from High Level 

Disable Times from 



12 

25 


12 

17 

ns 

^CLZ 

Output Disable Time 
from Low Level 

Chip-Enable 

Cl = 5pF, 
Rl = 28012 
{Figure 4) 


12 

25 


12 

17 

ns 

twHZ 

Output Disable Time 
from High Level 

Disable Times from 


15 

35 


15 

25 

ns 

twLZ 

Output Disable Time 
from Low Level 

Read/Write 



15 

35 


. 15 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


25 



25 



ns 

Usw 

Set-Up Time {Figure 1) 

Address to Read/Write 


0 



0 



ns 

tpsw 


Data to Read/Write 


25 



25 



ns 

tcsw 


Chip-Enable to 

Read/Write 


0 



0 



ns 

Uhw 

Hold Time {Figure 1) 

Address from Read/Write 


0 



0 



ns 

toHW 


Data from Read/Write 


0 



0 



ns 

t,CHW 


Chip-Enable from 
Read/Write 


0 



0 



ns 

DM75S07A/DM85S07A Switching Characteristics 

over recommended operating ranges of Ta and Vcc unless otherwise noted 





DM75S07A 

DM85S07A 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 

Ua 

Access Times from Address 



20 

30 


20 

25 

ns 

tcZH 

Output Enable Time to 
High Level 

Access Times from 



12 

25 


12 

17 

ns 

tcZL 

Output Enable Time to 
Low Level 

Chip-Enable 

Cl = 30pF, 
Rl = 28012 


12 

25 


12 

17 

ns 

twZH 

Output Enable Time to 
High Level 

Sense Recovery Times 

{Figure 4) 


13 

35 


13 

25 

ns 

fwZL 

Output Enable Time to 
Low Level 

from Read/Write 



13 

35 


13 

25 

ns 
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DM75S07A/DM85S07A Switching Characteristics (Continued) 

over recommended operating ranges of and Vcc unless otherwise noted 






DM75S07A 

DM85S07A 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 

fcHZ 

Output Disable Time 
from High Level 

Disable Times from 



12 

25 


12 

17 

ns 

tcLZ 

Output Disable Time 
from Low Level 

Chip-Enable 

Cl=5pF, 

Rl = 280O 
{Figure 4) 

I 

12 

25 


12 

17 

ns 

twHZ 

Output Disable Time 
from High Level 

Disable Times from 


15 

35 


15 

25 

ns 

^WLZ 

Output Disable Time 
from Low Level 

Read/Write 

V 


15 

35 


15 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


25 



20 



ns 

tASW 

Set-Up Time {Figure 1) 

Address to Read/Write 


0 



0 



ns 

tosw 


Data to Read/Write 


25 



20 



ns 

tesw 


Chip-Enable to 

Read/Write 


0 



0 



ns 

^AHW 

Hold Time {Figure 1) 

Address from Read/Write 


0 



0 

■ I 


ns 

toHW 


Data from Read/Write 


0 



0 



ns 

ICHW 


Chip-Enable from 
Read/Write 


0 



0 



ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the - 55*C to + 125*C temperature range for the DM75S07(A) and across the 0“C to + 70“C 
range for the DM85S07(A). All typicals are given for Vcc = 5 0V and Ta = 25“C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Ice measured with ail Inputs grounded; and the outputs open. 

DM75S07(A)/DM85S07(A) Switching Time Waveforms 


Enable and Disable Time from Chip-Enable Write Cycle 



ditions such that the output is high except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: tr^2.5 ns, tfs2.5 ns, PRR<1 MHz and ZouT*50lI. 


22 
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DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 




DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 


DM75S06/DM85S06 Switching Characteristics 

over recommended operating ranges of and Vcq unless otherwise noted 


Symbol 

Parameter 

Conditions 

DM75S06 

DM85S06 

Units 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Ua 

Access Times from Address 

Cl = 30 pF, 
Rl"! 3000, 

Ri p = 6000 
(Figure 4) 


25 

50 


25 

35 

ns 

tcHL 

Enable Time from 
Chip-Enable 



12 

25 


12 

17 

ns 

tWHL 

Enable Time from 
Read/Write 

Sense Recovery Time 
from Read/Write 


13 

35 


13 

25 

ns 

^CLH 

Disable Time from 
Chip-Enable 



12 

25 


12 

20 

ns 

^WLH 

Disable Time from 
Read/Write 



13 

35 


13 

25 

ns 

fwp 

Width of Write Enable Pulse (Read/Write Low) 


25 



25 



ns 

^ASW 

^DSW 

tcsw 

Set-Up Time (Figure 2) 

Address to Read/Write 

I 

0 



0 



ns 

Data to Read/Write 

25 



25 



ns 

Chip-Enable to 

Read/Write 

0 



0 



ns 

Uhw 

toHW 

tcHW 

Hold Time (Figure 2) 

Address from Read/Write 


0 



0 



ns 

Data from Read/Write 

0 



0 



ns 

Chip-Enable from 
Read/Write 

0 



0 



ns 


DM75S06/DM85S06 Switching Time Waveforms 


Enable and Disable Time from Chip-Enable 


Write Cycle 


CHIP ENABLE 
INPUT 
(NOTE 3) 


WAVEFORM t 
(NOTED 







ADDRESS 
INPUTS 
(NDTE 2) 


3V - 


OV 

VoH 


Access Time from Address Inputs 


VoL - 





FIGURE 2 

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable input Is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: tr<2.5 ns, tf <2.5 ns, PRR<1 MHz and ZouT“50fi. 
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Block Diagram 


ADDRESS 

INPUTS 



Y1 Y2 Y3 Y4 


DUTPUTS 

TL/L/5169-8 


FIGURES 


AC Test Circuits 


DM75S06/DM85S06 


Vcc 



DM75S07(A)/DM85S07(A) 


Vcc 



Cl includes probe and jig capacitance. 
All diodes are 1N3064. 


TL/L/51 69-10 

FIGURE 4 
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DM77S401/DM87S401,DM77S402/DM87S402 



National 

Semiconductor 


Bipolar and ECL RAMs 


DM77S401/DM87S401, DM77S402/DM87S402 
First-In, First-Out (FlFo) 

64 X 4, 64 X 5 Serial Memories 


General Description 

The DM77S401 is an expandable “fall-through” type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 10 MHz data rate allows usage in 
high-speed disc or tape controllers as well as PCM 
and communications buffer applications. 


Features 

■ 10 MHz shift In, shift out 

■ TTL inputs and outputs 

■ Inputs and outputs are symmetrically placed on 
package 

■ Easily expandable word and bit dimensions 

■ Either synchronous or asynchronous operation 

■ Fairchild F3341 MOS FlFo pin compatible but 
many times faster! 

■ Choice of 4-bit or 5-bit data width 


Block Diagrams dm 77 /dm 87S40 i 

64x4 



MASTER RESET jliooo-i 


DM77/DM87S402 

64x5 


Do 

01 

02 
D3 
D4 


INPUT 

READY 

SHIFT 

IN 



MASTER RESET 


JL1 000-2 
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Absolute Maximum Ratings 


Supply Voltage, Vcc 7 Volts 

Input Voltage 7 Volts 

Off-State Output Voltage 5.5 Volts 

Storage Temperature - 65° to +150° C 

Electrical Characteristics over operating conditions DM77/DM87S401; DM77/DM87S402 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Low-Level Input Voltage 




0.8 

V 

V|H 

High-Level Input Voltage 


2 



V 

Vie 

Input Clamp Voltage 

Vcc “ Min, 

li = -18mA 



-1.5 

V 

IlL 

Low-Level D 0 -D 4 , MR 

Input Current 

Vcc = Max, 

V| = 0.45V 



-0.4 

mA 

IlH 

High-Level Input Current 

Vcc = Max, 

V| = 2.4V 



50 

HA 

l| 

Maximum Input Current 

Vcc = Max, 

V| = 5.5V 



1.0 

mA 

VoL 

Low-Level Output Voltage 

< < < 

8 

II II II 

Iql = SnnA 



0.5 

V 

VOH 

High-Level Output Voltage 

Vcc = Min 

V|L =0.8V 

V|H =2V 

•oh = -0.9mA 

2.4 



V 

•os 

Output Short-Circuit Current 
(Note 1) 

Vcc = Max, 

Vo = OV 

-20 


-90 

mA 

•cc 

Supply Current 

Vcc “ Max 
Inputs Low, 
Outputs Open 

DM77S401 

DM87S401 

DM77S402 

DM87S402 



190 

160 

210 

180 

mA 


Operating Conditions 


Symbol 

Parameter 

1 DM77S401/402 1 

1 DM87S401/402 | 

Units 

Min 

Norn 

Max 

Min 

Norn 

Max 

Vcc 

Supply Voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating Free-Air Temperature (Note 2) 

-55 


+125 

0 


+75 

°C 

tsiH 

Shift In HIGH Time 

45 

mm 





ns 

tsiL 

Shift In LOW Time 

45 




1^1 


ns 

t|DS 

Input Data Setup 

10 

-9 


0 

-9 


ns 

t|DH 

Input Data Hold Time 

55 

30 





ns 

tsOH 

Shift Out HIGH Time 

45 




1,5 


ns 

tsOL 

Shift Out LOW Time 

45 

15 


35 

15 


ns 

^MRW 

Master Reset Pulse (Note 3) 

40 

15 


35 

15 


ns 

tMRS 

Master Reset to SI 

45 

15 


35 

15 


ns 


Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Note 2: Case temperature. 

Note 3: Master reset clears all the cells to the empty state, and the data outputs to a LOW state. 
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DM77S401/DM87S401, DM77S402/DM87S402 


Switching Characteristics over operating conditions 


Symbol 

Parameter 

I DM77S401/402 | 

I DM87S401/402 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

f|N 

Shift In Rate 

7 

16 


10 

16 


MHz 

^IRL 

Shift In to Input Ready LOW 


30 

60 



45 

ns 

f|RH* 

Shift In to Input Ready HIGH 






45 

ns 

^OUT 

Shift Out Rate 

7 


bh 




MHz 

tORL 

Shift Out to Output Ready LOW 


40 



BS 


ns 

tORH** 

Shift Out to Output Ready HIGH 


45 

70 


mm 

0^1 

ns 

too** 

Output Data Delay 


38 

65 




ns 

tpT 

Data Throughput or "Fall Through” 


1.8 

4 


1.8 

3 

MS 


Master Reset to OR LOW 


30 

65 



60 

ns 


Master Reset to IR HIGH 


30 

65 



60 

ns 

flPH 

Input Ready Pulse HIGH 


22 


15 

22 


ns 

fOPH 

Output Ready Pulse HIGH 

15 

22 


15 

22 


ns 


‘This delay is dependent upon positive pulse width of SI input. 
“These delays are dependent upon positive pulse width of SO input. 


Functional Description 

PATA INPUT 

Data is entered In the FiFo on Do-Da (D 0 -D 4 on the 402) 
inputs. If the first location is ready to accept data, the 
Input Ready (IR) pin will be high. Data then present on 
the four input pins will be entered to the first location 
when the Shift In (SI ) pin goes high. A high on the SI pin 
will cause the IR pin to go low. The old data will remain 
on the first location until SI Is brought low again and 
IR goes low. If SI is brought low before IR goes low, 
data transfer will not take place until IR goes low. If 
the FIFO Is not full (i.e., all locations contain data), 
IR will go high, indicating that the first location can 
accept more data from the four Input pins. Simul- 
taneously with IR going high, data will shift to the 


second location and so forth until it either reaches 
the output stage or a full location. When the mem- 
ory is full, IR will remain low and the FiFo will accept 
no more data. 


DATA TRANSFER 

Once data Is entered into the second location, the 
transfer of any full location to the downstream adjacent 
empty location is automatically activated by an on-chip 
control. Thus data will stack up at the end of the FiFo 
while empty locations fill to the front. The time required 
for the first data to travel from input to output locations is 
called Data Throughput Time or Xpj. 


Connection Diagrams 


DM77/DM87S401 
Dual*ln-Line Package 



NC J 



INPUT READY- 

2 

15 

SHIFT IN- 

3 

14 


^Do- 

4 

13 

DATA IN • 

Dl- 

D2- 

5 

6 

12 

11 


LD3- 

7 

10 

GND- 

8 

9 


-Vcc 

-SHIFT OUT 
-OUTPUT REAOY 
-Ool 


OUTPUTS 


TOP VIEW 


- MASTER RESET 

JL1000-3 


DM77/DM87S402 
Dual-ln-Line Package 



. Vcc 

. SHIFT OUT 
. OUTPUT REAOY 

■ Oo^ 

.0i 

■ O 2 


OUTPUTS 


. MASTER RESET 

JL 1 000-4 


Order Number DIVI77S401J, DM87S401J, 
DM77S402J, DM87S402J, DM77S401N, 
DM87S401N, DM77S402N or DM87S402N 
See NS Package J16A or N16A 
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DATA OUTPUT 


Data is output from Pins O0-O3 (O0-O4 on the 402). cause OR to go high unless the output stage is 

When data is shifted into the output stage, Output Ready empty (all data shifted out), in which case OR stays 

(OR) goes high to indicate the presence of valid data. low. 

When the OR is high, data may be shifted out of Oq-Os 

by pulling Shift Out (SO) high. A high signal on the SO Input Ready (IR) and Output Ready (OR) may also be 

pin will cause the OR pin to go low. When the SO pin is used as status signals since IR will stay low for at least 

brought low again, and OR is low, any valid data at tpxiftheFiFoisfulland ORwillstaylowforatleasttpjif 

the next upstream stage is shifted to the output. the FiFo is empty. 

Then all valid upstream data moves down one loca- 
tion. New valid data on the output stage will again 


standard Test Load 



. JL1 000-5 



DM77S401/DM87S401,DM77S402/DM87S402 


DM77S401A/DM87S401A, DM77S402A/DM87S402A 



National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM77S401 A/ DM87S401 A, DM77S402A/ DM87S402A 
First-In, First-Out (FiFo) 


64 X 4, 64 X 5 Serial Memories 

General Description 

The DM77S401A is an expandable “fall-through” type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 15 MHz data rate allows usage in 
high-speed disc or tape controllers as well as PCM 
and communications buffer applications. 


Features 

■ 15 MHz shift in, shift out 

■ TTL inputs and outputs 

■ Inputs and outputs are symmetrically placed on 
package 

■ Easily expandable word and bit dimensions 

■ Either synchronous or asynchronous operation 

■ Fairchild F3341 MOS FiFo pin compatible but 
many times faster! 

■ Choice of 4-bit or 5-bit data width 


Block Diagrams dm 77 /dm 87 S 401 a 

64x4 



MASTER RESET 


JL1000-1 


DM77/DM87S402A 


64x5 


h 

Dl 

02 

03 

04 


INPUT 

READY 

SHIFT 

IN 



MASTER RESET 


JL1CXX)-2 
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Absolute Maximum Ratings 


Supply Voltage, Vcc 7 Volts 

Input Voltage 7 Volts 

Off-State Output Voltage 5.5 Volts 

Storage Temperature - 65° to +150° C 


Electrical Characteristics over operating conditions DM77/DM87S401A, DM77/DM87S402A 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Low-Level Input Voltage 




0.8 

V 

V|H 

High-Level Input Voltage 

1 

2 



V 

V|C 

Input Clamp Voltage 

Vcc “ Min, 

li = -18mA 



-1.5 

V 

l|L 

Low-Level D0-D4, MR 

Input Current 

Vcc = IVax, 

Vi = 0.45V 



-0.4 

mA 

l|H 

High-Level Input Current 

Vcc = •^3X, 

V( = 2.4V 



50 

mA 

l| 

Maximum Input Current 

Vcc = IVax, 

V| = 5.5V 



1.0 

mA 



Vcc ~ Min 






VoL 

Low-Level Output Voltage 

V|L =0.8V 

V|H =2V 

Iql = SrnA 



0.5 

V 



Vcc ~ •Vin 






VoH 

High-Level Output Voltage 

V|L =0.8V 

ViH =2V 

•oh = -0.9mA 

2.4 



V 

•os 

Output Short-Circuit Current 
(Note 1) 

Vcc ~ Max, 

> 

0 

II 

-20 


-90 

mA 



Vcc == •Vax 

DM77S401A 



200 


•cc 

Supply Current 

Inputs Low, 

DM87S401A 



170 

mA 


Outputs Open 

DM77S402A 



220 





DM87S402A 



190 



Operating Conditions 


Symbol 

Parameter 

I DM77S401A/402A | 

1 DM87S401A/402A | 

Units 

Min 

Norn 

Max 

Min 

Nom 

Max 

Vcc 

Supply Voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating Free- Air Temperature (Note 2) 

-55 


+125 

0 


+75 

°C 

tsiH 

Shift In HIGH Time 

35 

10 


25 

10 



tsiL 

Shift In LOW Time 

40 

21 


33 

21 



t|DS 

Input Data Setup 

B 



0 

-9 


ns 

t|DH 





wm 

24 


ns 

tsOH 

Shift Out HIGH Time 

35 



B 

10 


ns 

tsOL 

Shift Out LOW Time 

35 

10 


B 



ns 

tMRW 

Master Reset Pulse (Note 3) 

30 



KBM 

10 


ns 

tMRS 

Master Reset to SI 

45 




10 


ns 


Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Note 2: Case temperature. 

Note 3: Master reset clears all the cells to the empty state, and the data outputs to a LOW state. 
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DM77S401A/DM87S401A, 


Switching Characteristics over operating conditions 


Symbol Parameter 

fiN Shift In Rate 


t|RL Shift In to Input Ready LOW 



‘This delay is dependent upon positive pulse width of SI input. 
‘These delays are dependent upon positive pulse width of SO input. 


Functional Description 


DM77S401A/402A 
Min I Typ I Max 



Shift Out to Output Ready LOW 

bRH** 

Shift Out to Output Ready HIGH 

too ** 

Output Data Delay 

tpT 

Data Throughput or “Fall Through” 

tMRORL 

Master Reset to OR LOW 

^MRIRH 

Master Reset to IR HIGH 

t|PH 

Input Ready Pulse HIGH 

fOPH 

Output Ready Pulse HIGH 


DM87S401A/402A 
Min I Typ I Max Units 



26 


25 



DATA INPUT 

Data Is entered In the FiFo on Dq-Ds (D 0 -D 4 on the 402) 
inputs. If the first location is ready to accept data, the 
Input Ready (IR) pin will be high. Data then present on 
the four Input pins will be entered to the first location 
when the Shift In (SI) pin goes high. A high on the SI pin 
will cause the IR pin to go low. The old data will remain 
on the first location until SI is brought low again and 
IR goes low. If SI is brought low before IR goes low, 
data transfer will not take place until IR goes low. If 
the FIFO is not full (i.e., all locations contain data), 
IR will go high, indicating that the first location can 
accept more data from the four input pins. Simul- 
taneously with IR going high, data will shift to the 


second location and so forth until it either reaches 
the output stage or a full location. When the mem- 
ory is full, IR will remain low and the FiFo will accept 
no more data. 


DATA TRANSFER 

Once data is entered into the Second location, the 
transfer of any full location to the downstream adjacent 
empty location is automatically activated by an on-chip 
control. Thus data will stack up at the end of the FiFo 
while empty locations fill to the front. The time required 
for the first data to travel from input to output locations is 
called Data Throughput Time or tpj. 


Connection Diagrams 


DM77/DM87S401A 
Dual-in-Line Package 


INPUT READY - 
SHIFTIN- 
fOo- 

n*T* lu J ■ 



^ 16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

B 

9 


DM77/DM87S402A 
Dual-ln-Line Package 


NC. 

INPUT READY 
SHIFT IN 
fDo 
D, 

DATA IN \ 02 


-MASTER RESET GND - 

JL1000-3 

Order Number DM77S401AJ, DM87S401AJ, 
DM77S402AJ, DM87S402AJ, DM77S401AN, 
DM87S401AN, DM77S402AN or DM87S402AN 
See NS Package J16A or N16A 



18 

2 

17 

3 

16 

4 

15 

5 

14 

6 

13 

7 

12 

8 

11 

9 

10 


10U- MASTER RESET 
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DATA OUTPUT 


Data is output from Pins O0-O3 (O0-O4 on the 402). 
When data is shifted into the output stage, Output Ready 
(OR) goes high to indicate the presence of valid data. 
When the OR is high, data may be shifted out of O0-O3 
by pulling Shift Out (SO) high. A high signal on the SO 
pin will cause the OR pin to go low. When the SO pin is 
brought low again, and OR is low, any valid data at 
the next upstream stage is shifted to the output. 
Then all valid upstream data moves down one loca- 
tion. New valid data on the output stage will again 


cause OR to go high unless the output stage is 
empty (all data shifted out), In which case OR stays 
low. 

Input Ready (IR) and Output Ready (OR) may also be 
used as status signals since IR will stay low for at least 
tpT if the FIFO is full and OR will stay low for at least tpj if 
the FiFo is empty. 


standard Test Load 



TEST POINT 


JL1 000-5 


DI\/I77S401A/DM87S401A, DI\/I77S402A/DM87S402A 



DM75S68/DM85S68 


National 

Semiconductor 


Bipolar and ECL RAMs 


DM75S68/DM85S68 16 x 4 Edge Triggered Registers 


General Description 


I These Schottky memories are addressable “D” register 
files. Any of its 16 four-bit words may be asynchronously 
read or may be written into on the next clock transition. 
An input terminal is provided to enable or disable the syn- 
chronous writing of the input data into the location 
specified by the address terminals. An output disable ter- 
minal operates only as a TRI-STATE® output control ter- 
minal. The addressable register data may be latched at 
the outputs and retained as long as the output store ter- 
minal Is held in a low state. This memory storage condi- 
tion is independent of the state of the output disable ter- 
minal. 

All input terminals are high impedance at all times, and 
all outputs have low impedance active drive logic states 
and the high impedance TRI-STATE condition. 


Logic and Block Diagram 


Features 

■ On-chip output register 

■ PNP inputs reduce input loading 

■ Edge triggered write 

■ High speed— 30 ns typ 

■ All parameters guaranteed over temperature 
B TRI-STATE output 

■ Schottky-clamped for high speed 

■ Optimized for register stack applications 

■ Typical power dissipation— 350 mW 


(WRITE CLOCK INPUT) 
CLK 


Connection Diagram 


Dual-ln-Line Package 


WORDO 

1 WORD 1 


EDGE TRIGGERED WRITE 


16x4 MEMORY CELL ARRAY 



^wo^ 


Order Number DM75S68J or DM85S68J 
See NS Package J18A 

Order Number DM75S68N or DM85S68N 
See NS Package N18A 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Note i) 

Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range - 65®C to + 1 50“C 

Lead Temperature (Soldering, 10 seconds) 300“C 


Electrical Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High Level Input Voltage 


2 



V 

V,L 

Low Level Input Voltage 




0.8 

V 

VoH 

High Level Output Voltage 

Vcc = IVIin 

loH= -2.0 mA, DM75S68 

2.4 



V 



loH= -5.2 mA, DM85S68 

2.4 



V 

VoL 

Low Level Output Voltage 

Vqq = Min, Iol=‘I6 

DM75S68 



0.5 

V 



DM85S68 



0.45 

V 

1|H 

High Level Input Current 

Vqq = Max, 

Clock Input 



50 

mA 


^ i 

V|h = 2.4V 

All Others 



25 


li High Level Input Current at 

Maximum Voltage 

Vqq = Max, V,H = 5.5V 



1.0 

mA 

l|L 

Low Level Input Current 

Vqq = Max, 

Clock Input 



-500 

/xA 



V|l = 0.5V 

All Others 



-250 

/xA 

•os 

Short Circuit Output Current (4) 

Vqq = Max, VoL = 0V 

-20 


-55 

mA 

•cc 

Supply Current 

Vqq = Max 


70 

100 

mA 

V|C 

Input Clamp Voltage 

Vqq = Min, l|^ = - 18 mA 



-1.2 

V 

•oz 

TRI-STATE Output Current 

Vqq = Max 

Vo = 2.4V 



-1-40 

fiA 



Vo = 0.5V 



-40 

/xA 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘‘Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55*C to + 125‘’C temperature range for the DM75S68 and across the O^C to + 70“ C 
range for the DM85S68. All typicals are given for Vqq = 5.0V and T/^ = 25“C. 

Note 3: Ail currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, Vqq 

DM85S68 

4.75 

5.25 

V 

DM75S68 

4.5 

5.5 

V 

Temperature, T^ 

DM85S68 

0 

70 

‘’C 

DM75S68 

-55 

-i-125 

“C 
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DM75S68/DM85S68 


Switching Characteristics over recommended operating range of and Vcc unless otherwise noted 


Parameter 

DM75S68 

DM85S68 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tzH 

Output Enable to High-Level 


20 

40 


20 

35 

ns 

tzL 

Output Enable to Low Level 


14 

30 


14 

24 

ns 

tHZ 

Output Disable Time from High Level 


10 

18 


10 

15 

ns 

tLZ 

Output Disable Time from Low Level 


12 

22 


12 

18 

ns 

Ua 

Access Time 

Address to Output 


30 

55 


30 

40 

ns 

^OSA 


Output Store to Output 


20 

35 


20 

30 

ns 

^CA 


Clock to Output 


25 

50 


25 

40 

ns 

^ASC 

Set-Up Time 

Address to Clock 

25 * 

5 


15 

5 


ns 

^DSC 


Data to Clock 

15 

5 


5 

0 


ns 

Uses 


Address to Output Store 

40 

15 


30 

15 


ns 

twESC 


Write Enable Set-Up Time 

10 

5 


5 

0 


ns 

^OSSC 


Store Before Write 

15 

0 


10 

0 


ns 

Uhc 

Hold Time 

Address from Clock 

15 

5 


10 

5 


ns 

toHC 


Data from Clock 

20 

5 


15 

5 


ns 

Uhos 


Address from Output Store 

10 

0 


5 

0 


ns 

^WEHC 


Write Enable Hold Time 

20 

5 


15 

5 


ns 


AC Test Circuit and Switching Time Waveforms 


Write Cycle 



Cl = 5.0 pF for tHZt ^LZ 
Cl = 30 pF for all others 
Cl includes probe and jig capacitance 
Ail diodes are 1N3064 


Read Cycle 


Clock Set-Up and Hold Time 



Address to Output Access Time 

V./ 




"v 

sv * 


Output Store Access, Set-Up and Hold Time 

ADDRESS 
INPUTS 


-V /— 


V 

OUTPUTS t 5V \ 


i_r — 


_y 


Clock to Output Access 



Output Disable and Enable Time 


OUTPUT , I 
DISABLE 

1 \.>» 




OUTPUT 

0 5V j 
1 

a.5vj 

Tl 


^ 0 5V 

XL 

JT 






Note: Input waveforms supplied by pulse generator having the following characteristics: V = 3.0V, tRs2.5 ns, PRR< 1.0 MHz and ZoUT = 
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National 

Semiconductor 


Bipolar and ECL RAMs 


IDM29705/29705A 16-Word by 4-Bit Two-Port 
RAM/ Register File 


General Description 

The IDM29705 and IDM29705A are 16-word by 4-bit 
RAM/Register File chips housed In a standard 28-pin 
dual-in-line package. The IDM29705 and the 
IDM29705A feature TRI-STATE® outputs. These 
RAMs, which are fabricated using SCL® (Schottky 
ECL Technology) feature two separate output ports 
that enable any two 4-bit words to be read from these 
outputs simultaneously. Each output port contains a 
four-bit latch. A common Latch Enable (LE) input is 
used to control all eight latches. The device, which 
has two Write Enable (WE) inputs, is designed so that 
either Write Enable (WE-i 2 ) ^rid Latch Enable (LE) 
inputs can be wired together to make the operation 
of the RAM appear edge-triggered. 

The device, which has fully decoded A-address and 
B-address fields, can address any of the 16 memory 
words for the A-output port and, simultaneously, 
select any of the 16 words for presentation at the 
B-output port. Incoming data is written into the four- 
bit RAM word selected by the B-address. The D 
inputs are used to load the new data into the device. 

Several of these devices can be cascaded to increase 
the to tal nu mber of memory words in the system. 
When OE-A is high, the A -output port is in the high- 
impedance mode. OE-B, when high, forces the 
B-output port to the high-impedance state. 

TRI-STATE® and SCL® are registered trademarks of National Semiconductor Corp. 


The writing of new data into the RAM Is controlled by 
the Write Enable inputs. With both Write Enable 
inputs low, data is written into the word selected by 
the B-address field. The memory outputs follow the 
data inputs during writing if the Latch Enable (LE) is 
high. With either Write Enable high, no data is written 
into the RAM. 


Features and Benefits 

■ 16-Word by 4-Bit, 2-Port RAM/Register Files 

■ Two Output Ports, Each with Separate Output 
Control 

■ 4-Bit Latches on Each Output Port 

B Non-Inverted Data Output with Respect to Data 
Input 

B Output Enable and Write Enable Inputs Provide 
Ease in Cascading 

B SCL Technology (Schottky ECL) Provides ECL 
Speeds While Keeping Low Power Schottky Input/ 
Output Voltage and Power Consumption 
Compatibility 

B 100% Reliability Testing in Compliance with 
MIL-STD-883 


IDM29705/29705A Block Diagram 


DO D1 D2 03 



TLyL5192 
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IDM29705/29705A 






IDM29705/29705A 


Absolute Maximum Ratings 


Operating Range 


Storage Temperature 
Temperature (Ambient) Under Bias 
Suppiy Voitage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-esxto +150‘‘C 
-55“CtO +125‘’C 
-0.5 V to +6.3V 

-0.5 V to +Vccnriax 
-0.5 V to +5.5V 
30 mA 

-30mA to + 5.0mA 


Ambient 


P/N Temperature 


IDM29705JC 
IDM29705JM, JM/883 
IDM29705AJC, NC 
IDM29705AJM, JM/883 


OX to +70 X 
-55Xto +125X 
OX to +70 X 
-55Xto +125X 


Vcc 

4.75V to 5.25V 
4.50V to 5.50V 
4.75V to 5.25V 
4.50V to 5.50V 


Stdnddrd ScrCGninQ (conforms to MIL-STD-883 for Class C parts) 


Step 

MIL-STD-883 

Method 

Conditions 

1 Levei 

DC, PC 

DM, FM 

Pre-Seal Visual Inspection 

2010 

B 

100% 

100% 

Stabilization Bake 

1008 

C: 24-hour 150X 

100% 

100% 

Temperature Cycle 

1010 

C: -65Xto +150X 

10 cycles 

100% 

100% 

Centrifuge 

2001 

B: 10,000 G 

100% 

100% 

Fine Leak 

1014 

A: 5x10“® atm-cc/cm® 

100% 

100% 

Gross Leak 

1014 

C2: Fluorocarbon 

100% 

100% 

Electrical Test 

Subgroups 1 and 7 and 9 

5004 

See below for 
definitions of subgroups 

100% 

■ 

100% 


Insert Additional Screening Here for Class B Parts 


Group A Sample Tests 





Subgroup 1 



LTPD =5 

LTPD = 5 

Subgroup 2 



LTPD =7 

LTPD = 7 

Subgroup 3 

5005 

See below for 

LTPD =7 

LTPD = 7 

Subgroup 7 

definitions of subgroups 

LTPD =7 

LTPD = 5 

Subgroup 8 



LTPD =7 

LTPD = 7 

Subgroup 9 



LTPD =7 

LTPD = 5 


Additional Screening for Class B Parts 



MIL-STD-883 


Level 

step 

Method 

Conditions 

DMB, FMB 

Burn-In 

1015 

D: 125 *C, 160 hours min 

100% 

Electrical Test 

5004 



Subgroup 1 



100% 

Subgroup 2 



100% 

Subgroup 3 



100% 

Subgroup 7 



100% 

Subgroup 9 



100% 

Return to Group A Tests in Standard Screening | 


Group A Subgroups 

(as defined In MIL-STD-883, method 5005) 


Subgroup 

Parameter 

Temperature 

1 

DC 

25 ’C 

2 

DC 

Maximum rated temperature 

3 

DC 

Minimum rated temperature 

7 

Function 

25 ‘C 

8 

Function 

Maximum and minimum 
rated temperature 

9 

Switching 

25 ‘C 

10 

Switching 

Maximum rated temperature 

11 

Switching 

Minimum rated temperature 
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Electrical Characteristics (over operating temperature range, unless otherwise noted) 



Parameter 

Test Conditions (Note 1) 




Units 

I 

o 

> 

Output HIGH Voltage 
(IDM29705 only) 

Vcc = min 

V|N = V|H or ViL 

Mil, loH = -2.0mA 

2.4 



Volts 

Com’l, Iqh = -4.0mA 

2.4 



_J 

o 

> 

Output LOW Voltage 

Vcc = fTiin 

V|N = V|H or V|L 

Iql = 4.0mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

•oL = 12mA 



0.5 

Iql = 16 mA (Note 4) 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all 
inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage for all 
inputs 



0.8 

Volts 

; V, 

Input Clamp Voltage 

Vcc = ^' 0 , l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = V|N = 0.4V 

Air Bi 



-0.25 

mA 

Others 



-0.36 

IlH 

Input HIGH Current 

Vcc = max, V,N = 2.7V 



20 

mA 

ll 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



0.1 

mA 

•oz 

Off State (High Impedance) 

Output Current 

Vcc = max 

V|N = V|H or ViL 

Vo = 2.7V 



20 

mA 

Vo = 0.4V 



-20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 



29705A 

-30 


-85 

mA 

29705 

-25 


-85 

•cc 

Power Supply Current 

Vcc = max 



120 

175 

mA 


AJC 

Vcc = 5.25V, T = 70 X 



155 

mA 

AiM 

Vcc = 5.5V, T = 125X 



145 

mA 


Note 1: For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Note 2: Typical limits are at Vqq = 5.0V, 25°C ambient and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: 29705A commercial temperature range only. 


Switching Characteristics (Input Levels = 0V and 3.0V, Transitions measured at 1.5V) 
Combinational Delays (in nanoseconds) (C|_ = 50pF) 






Comm’i 

Mil 





Max. 


Max. 





(Notel) 

(Note 2) 

Parameters 

From 

To 

Conditions 

705 

705A 

705 

705A 

Access Time 

A Address Stable 

YA Stable 

LE = HIGH 

40 

30 

55 


35 

B Address Stable 

YB Stable 

40 

30 

55 


35 


Both WE LOW 

YA = D 

LE = HIGH, A = B 

45 

45 

48 

45 


YB = D 

LE = HiGH 

45 

45 

48 

45 

Turn-On Time 

OE-AorOE-BLOW 



25 

20 

25 

25 

Turn-Off Time 

OE-AorOE-BHiGH 

YA or YB Off 

Cl = 5pF (Note 3) 

20 

20 

20 

20 

Reset Time 

A-LO LOW 

YA LOW 


20 

20 

30 

25 

Enable Time 

LE HIGH 

YA and YB Stable 


25 

20 

25 

25 


Data In 

YA or YB = D 

LE = HIGH, WE 
both LOW, A = B 

45 

45 

45 

45 
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IDM29705/29705A 


Switching Characteristics (cont d) 


Minimum Setup and Hoid Times (in nanoseconds) 






Comm’i 

Mii 





Max. 

(Note 1) 

Max. 

(Note 2) 

Parameters 

From 

To 

Conditions 

705 

705A 

705 

705A 

Data Setup Time 

D Stable 

Either WE HIGH 


20 

15 

25 

20 

Data Hold Time 

Either WE HIGH 

D Changing 


0 

0 

0 

0 

Address Setup Time 

B Stable 

Both WE LOW 


3 

0 

5 

3 

Address Hold Time 

Either WE HIGH 

B Changing 


0 

0 

0 

0 

Latch Close 

Before Write Begins 

LE LOW 

WEi LOW 

WEs LOW 

0 

0 

0 

0 

LE LOW 

we2 low 

WEi LOW 

0 

0 

0 

0 

Address Setup 

Before Latch Closes 

A or B Stable 

LE LOW 


20 

15 

40 

20 


Minimum Puise Widths (in nanoseconds) 






Comm’i 

Mii 





Max. 

(Note 1) 

Max. 

(Note 2) 

Parameters 

From 

To 

Conditions 

705 

705A 

705 

705A 

Write Pulse Width 

WEi 

HIGH-LOW-HIGH 

WE2 low 

25 

20 

25 

20 


WE2 

HIGH-LOW-HIGH 

WEi LOW 

20 

20 

20 

20 

A Latch Reset Pulse 

A-LO 

HIGH-LOW-HIGH 


20 

15 

20 

15 

Latch Data Capture 

LE 

LOW-HIGH-LOW 

Address Stable 

20 

15 

20 

15 


Note 1: Ta = 0“C to +70“C, Vcc = 5.0V ±5%. 

Note 2: -55°CXo +125“C, Vcc = 5.0V ±10% 

Note 3: Measured from 1.5V at the input to 0.5V change in the output level. 


Function Tabies 


Write Controi 


WEi 

WE2 

Function 

RAM Outputs at Latch Inputs 

A-Port 

B-Port 

L 

L 

Write D into B 

A data (A # B) 

D input data 

X 

H 

No write 

A data 

B data 

H 

X 

No write . 

A data 

B data 


YA Read 


Inputs 

YA Output 

Function 

OEA 

ALO 

LE 

H 

X 

X 

Z 

High Impedance 

L 

L 

X 

L 

Force YA LOW 

L 

H 

H 

A-Port RAM data 

Latches transparent 

L 

H 

L 

NC 

Latches retain data 
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Function Tables (continued) 


YB Read 


Inputs 

YB Output 

Function 

OEB 

LE 

H 

X 

Z 

High impedance 

L 

H 

B-Port RAM data . 

Latches transparent 

L 

L 

NO 

Latches retain data 


H = HIGH Z = High impedance 

L = LOW NO = No change 

X = Don’t care 


Pinout Descriptions of the 
IDM29705/29705A 

D 3 - Dq: Through these inputs new data can be written 
in the location specified by the B-address inputs. 

A 3 -A 0 : The 4-bit address presented at the A inputs 
selects one of the 16 memory words for presentation 
at the A-data latch outputs. 

B 3 -B 0 : The 4-bit address presented at the B inputs 
selects one of the 16 memory words for presentation 
at the B-data latch outputs. This address also selects 
the location into which data is written. 

YA 3 - YAq: The four A-data latch outputs. 

YB 3 - YBq: The four B-data latch outputs. 

WEi,WE 2 : Write enable inputs. When both are low, 
enables data to be written into the RAM location 
selected by the B-address field. When either Write 
Enable input is high, no data can be written into 
memory. 

OE-A: A-port output enable. When low, data In the 
A-data latch is present at the YAj outputs. When high, 
the YAj outputs are in the high-impedance mode. 


OE-B: B-port output enable. When low, data in the 
B-data latch is presented at the YBj outputs. When 
high, the YBj outputs are in the high-impedance 
mode. 


LE: Latch enable. The LE input acts as control for 
both the RAM-A and RAM-B output ports. When high 
the latches are transparent and data from the RAM, 
as selected by the A and B address inputs, is 
presented at the outputs. When low, the latches 
retain the last data read from the RAM regardless of 
the current A and B address inputs. 


A-LO: Force A to zero. This input operates to force 
the A-port latch outputs low independent of the LE 
Input or A address inputs. The A-output bus c an be 
forced low using this control input. With A-LO high, 
the A latches operate in their normal manner. Once 
forc ed lo w, the A latches remain low independent of 
the A-LO input if the Latch Enable (LE) is low. 


IDM29705/29705A Connection Diagram and Test Load 


D1 — 

1 


28 

— Vcc 

DO — 

2 


27 

— D2 

WEI — 

3 


26 

— D3 

BO — 

4 


25 

— ^2 

B1 — 

5 


24 

— AO 

B2 — 

6 


23 

— A1 

B3 — 

7 

IDIVI29705/ 

22 

— A2 

aTo — 

8 

29705A 

21 

— A3 

LE — 

9 


20 

— oFa 

YBO — 

10 


19 

— HFB 

YAO — 

11 


18 

— YA3 

YBl — 

12 


17 

— YB3 

YAl — 

13 


16 

— YA2 

GI\ID — 

14 


15 

— YB2 


T 

T 


-w- 


CL + 


A, 

1 


Note 1: Cl= 50 pF includes scope probe, wiring and stray 
capacitances without device in test fixture. 

Note 2: S1, S2, S3 are closed during function tests and all 
AC tests except output enable tests. 

Note 3: S1 and S3 are closed while S2 is open for tpzH test. 

SI and S2 are closed while S3 is open for tpzi_ test. 
Note 4: C|_= 5 pF for output disable tests. 
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DM10414, DM10414A 



National 

Semiconductor 


Bipolar and ECL RAMs 


DM10414, DM1 041 4A 256 x 1 ECL Random Access Memory 


General Description 

The DM10414, DM10414A is a 256-word by 1-bit 
ECL random access memory. The fully static memory is 
designed with active low chip selects and separate I/O 
pins. The 8 address bits (AO through A7) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated 10k ECL families. 


Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°Cto+75°C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing tem- 


perature 

■ Typical address access 

DM10414 10 ns 

DM10414A 7 ns 

■ Typical chip select access 

DM10414 4 ns 

DM10414A 3 ns 


Block and Connection Diagrams 



Dqut 


CS3 


We 


D|N 


Dual-1 n-Line Package 



Order Number DM10414J 
or DM10414AJ 
See NS Package J16A 


Logic Symbol 


Truth Table 




AO 

— 

A1 

— 

A2 


A3 


Dqut 

— 

A4 

— 

AS 

— 

A6 


A7 


Din we 




CS1 CS2 CS3 


Pin Names 

Address Inputs 
Data Input 
Data Output 
Chip Select Inputs 
Write Enable 


cs 

WE 

Din 

Dqut 

MODE 

H 

X 

X 

L 

Not Selected 

L 

L 

H 

L 

Write 1 

L 

L 

L 

L 

Write 0 

L 

H 

X 

Dqut 

Read 


L = low (-1 .7V nominal) 
H = high (-0.9V nominal) 
X = don't care 


A0-A7 

Din 

dqut 

C^1,CS2, css 
WE 
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Absolute Maximum Ratings 

Operating Conditions 






MIN 

MAX 

UNITS 

Temperature Under Bias (Ambient) 

Storage Temperature Range 

V^E Relative to Vqq 

Any Input Relative to Vqq 

Output Current (Output High) 

Lead Temperature (Soldering, 10 seconds) 

-55° C to -H25°C 
-65°C to+150°C 
-7.0V to +0.5V 

Vee to +0.5V 
-30 mA to -fO.1 mA 

300° C 

Supply Voltage (V^e) 
Ambient Temperature (T/\) 

-5.46 

0 

^.94 
+75 '» 

> o 


DC Electrical Characteristics 

VeE = -5.2V, Output Load = 50^ and 30 pF to -2.0V, Ta = 0°C to +75°C (Notes 1-4) 


SYMBOL 

PARAMETER 

CONDITIONS 

Ta 

B 

LIMIT 

A 

LIMIT 

UNITS 

VOH 

Output Voltage High 

V|N = ViHAor V|lb 

o°c 

-1000 

-840 

mV 




+25°C 

-960 

-810 





+75°C 

-900 

-720 


VOL 

Output Voltage Low 

V|N = V|HA or V(lB 

0°C 

-1870 

-1665 

mV 




+25° C 1 

-1850 

-1650 1 





+75°C 

-1830 

-1625 


VOHC 

Output Voltage High 

ViN = Vihb or Vila 

Performed on one input 

0°C 

-1020 


mV 



at a time 

+25° C 

-980 






+75°C 

-920 



. VoLC 

Output Voltage Low 

ViN = Vihb or Vila 

Performed on one input 

0°C 


-1645 

mV 



at a time 

+25° C 


-1630 





+75°C 


-1605 


V|H 

Input Voltage High 

Guaranteed Input Voltage High 

for All Inputs 

0°C 

-1145 

-840 

mV 




+25°C 

-1105 

-810 





+75°C 

-1045 

-720 


V|L 

Input Voltage Low 

Guaranteed Input Voltage Low 
for All Inputs 

0°C 

-1870 

-1490 

mV 




+25° C 

-1850 

-1475 





+75°C 

-1830 

-1450 


l|H 

Input Current High 

V|N = V|ha 

Performed on one input 

0°C 






at a time 

to 


220 

iuA 




+75°C 




l|L 

Input Current Low, CS 

V(N = V|LB 

0°C 






Performed on one input 

to 

0.5 

170 

fiA 


All Others , 

at a time 

+75°C 

-50 



lEE 

Power Supply Current 

All Inputs and Outputs Open 

0°C 





(Pin 8) (Note 5) 


to 







+75°C 

-150 


mA 


Note 1 : Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case" conditions. 

Note 2; The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are; 6 j/\, (Junction to Ambient) = 90°C/W (still air); 0j/\ (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 0jq (Juction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at V^e = -5.2V: T^ = 0°C, Iee = -105 mA; T/^ = 75°C, Iee = “90 mA. 
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DM10414, DM10414A 


DM10414, DM10414A 


Functional Description 

Addressing the DM10414, DM10414A is achieved by 
means of the 8 address lines AO— A7. Each of the 2^ 
one-zero ’combinations of the address lines corresponds 
to a bit location in the memory. The active low Chip 
Selects together with the unterminated emitter-follower 
output allows for wire-ORing. A 5012 resistor to — 2V 
(or an equivalent network) is required to provide a low 
at the output when the device is off. This termination 
is required for both single device or wire-ORed operation. 


Th e device is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (D||\|) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the 5012 pull-down resistor). WE high causes the data 
stored at the selected address to be present at the Data 
Out (Dqut) pin. 


AC Electrical Characteristics 

Vee = -5.2V ±5%, Output Load = 50n, 30 pF to -2.0V, Ta = 0°C to 75° C, 400 LFM 


SYMBOL 

PARAMETER 

CONDITIONS 

READ MODE 

tACS 

Chip Select Access 

Time 

Measured Between 

tRCS 

Chip Select Recovery 

Time 

50% Points 

(Note 7) 

tAA 

Address Access Time 



WRITE MODE 


TYP 

MIN . . MAX 

NOTE 6 


TYP 

MIN . MAX 

NOTE 6 


RISE TIME AND FALL TIME 



4 

7 

4 

7 

10 

15 



tw 

Write Pulse Width 

(to Guarantee 

Writing) 


tWSD 

Data Set-Up Time 

Prior to Write 


tWHD 

Data Hold Time 

After Write 

Measured Between 

50% Points 

tWSA 

Address Set-Up Time 

Prior to Write 


tWHA 

Address Hold Time 

After Write 


twscs 

Chip Select Set-Up 

Time Prior to Write 


tWHCS 

Chip Select Hold Time 

After Write 


tws 

Write Disable Time 


tWR 

Write Recovery Time 



Output Rise Time 

Measured Between 

Output Fall Time 

50% Points 



Capacitance 



PARAMETER 

CONDITIONS 

Input Pin Capacitance 

Output Pin 

Capacitance 

Measure With a Pulse 

Technique 


TYP 

(NOTE 6) 



Note 6: Typical values are at V^e = -5.2V, = 25°C and maximum loading. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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Switching Time Waveforms 


Chip Select Access Time 



Address Access Time 



Read Mode 
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DM10414, DM10414A 







National 
Semiconductor 

DM10415, DM10415A 1024 x 1 
Access Memory 

General Description 

The DM10415, DM10415A is a 1024-word by 1-bit ECL 
random access memory. This fully static memory is 
designed with an active low chip select and separate 
I/O pins. The 10 address bits (AO through A9) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated 10k ECL families. 


Bipolar and ECL RAMs 
ECL Random 

Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°C to +75°C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing temp- 


erature 

■ Typical address access 

DM10415 25 ns 

DM10415A 12 ns 

o Typical chip select access 

DM10415 7 ns 

DM10415A 4 ns 



Block and Connection Diagrams 



A5 AB A7 A8 A9 


Dual-ln-Line Package 



Order Number DM10415J 
or DM10415AJ 
See NS Package J16A 


Logic Symbol 


Truth Table 



AO 

— 

A1 

— 

A2 

— 

A3 


A4 


flc '’out 


A5 

— 

A6 

— 

A7 

— 

AS 


A9 


CS U|N WE 


Pin Names 

AO— A9 Address Inputs 
D|(\| Data Input 

^UT Data Output 

CS Chip Select 

WE Write Enable 


CS 

WE 

Din 

dout 

MODE 

H 

X 

X 

L 

Not Selected 

L 

L 

H 

L 

Write 1 

L 

L 

L 

L 

Write 0 

L 

H 

X 

Dout 

Read 


L = low (-1.7V nominal) 
H = high (-0.9V nominal) 
X = don't care 
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DM10415, DM10415A 



DM10415, DM10415A 


Absolute Maximum Ratings 


Temperature Under Bias (Ambient) 
Storage Temperature Range 
Vee Relative to Vqq 
A ny Input Relative to Vqq 
O utput Current (Output High) 

Lead Temperature (Soldering, 10 seconds) 


-55°Cto +125°C 
-65°Cto+150°C 
-7.0V to +0.5V 
Vee to +0.5 V 
-30 mA to +0.1 mA 
300° C 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vee) -5.46 

-4.94 

V 

Ambient Temperature (Ta) 0 

+75 

°c 


DC Electrical Characteristics 

Vee = -5.2V, Output Load = 50n and 30 pF to -2.0V, Ta = 0°C to +75°C (Notes 1 - 4) 


SYMBOL 

PARAMETER 

CONDITIONS 

Ta 

B 

LIMIT 

A 

LIMIT 

UNITS 

VOH 

Output Voltage High 

V|N = ViHAor Vilb 

o°c 

“1000 

-840 

mV 




+25° C 

-960 

-810 





+75°C 

-900 

-720 


VOL 

Output Voltage Low 

V|N = V|HA or V|LB 

0°C 

-1870 

-1665 

mV 




+25° C 

-1850 

-1650 





+75°C 

-1830 

-1625 


vqhc 

Output Voltage High 

V|N = Vihb or Vila 






1 


0°C 

-1020 


mV 




+25° C 

-980 





! 

+75°C 

-920 



VOLC 

Output Voltage Low 

V|N = ViHBor Vila 

0°C 


-1645 

mV 




+25°C 


-1630 





+75°C 


-1605 


V|H 

Input Voltage High 

Guaranteed Input Voltage High 

for All Inputs 

0°C 

-1145 

-840 

mV 




+25° C 

-1105 

-810 





+75°C 

-1045 

-720 


V|L 

Input Voltage Low 

Guaranteed Input Voltage Low 
for All Inputs 

0°C 

“1870 

-1490 

mV 




+25°C 

-1850 

-1475 





+75°C 

-1830 

-1450 


l|H 

Input Current High 

V|N = V|HA 

0°C 




1 



to 


220 

liA 




+75°C 




«IL 

Input Current Low, CS 

V|N = V|LB. 

0°C 







to 

0.5 

170 

/iA 


All Others 


+75°C 

-50 



lEE 

Power Supply Current 

All Inputs and Outputs Open 

0°C 





(Pin 8) (Note 5) 


to 







+75°C 

-150 


mA 


Note 1 : Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case" conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: 0 jA/ (Junction to Ambient) = 90°C/W (still air); 0 ja (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 0jq (Juction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at Vee “ “5.2V: Ta = 0°C, Iee “ “105 mA; Ta = 75°C, Iee “ “90 mA. 
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Functional Description 

Addressing the DM 1 041 5/DM 1 041 5A is achieved by 
means of the 10 address lines A0-A9. Each of the 
one-zero combinations of the address lines corresponds 
to a bit loc ation in the memory. The active low Chip 
Select (CS) together with the unterminated emitter- 
follower output allows for memory array expansion to 
2048 words without additional decoding. This emitter- 
follower output allows for wire-ORing. A 5012 resistor 
to -2V (or an equivalent network) is required to provide 
a low at the output when the device is off. This ter- 
mination is required for both single device or wire- 
ORed operation. 


Th e device Is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (D||\|) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the 5012 pull-down resistor), WE high causes the data 
stored at the selected address to be present at the Data 
Out (Dout) pin. 


AC Electrical Characteristics 

Vee = -5.2V, ±5%, Output Load = SOfJ, 30 pF to -2.0V, Ta = 0°C to +75° C, 400 LFM 





1 DM10415A 1 

DM10415 1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

(NOTE 6) 

MAX 

MIN 

TYP 

(NOTE 6) 

MAX 

UNITS 

READ MODE 

tACS 

Chip Select Access 

Time 

Measured at 50% of 


4 

8 


7 

10 

ns 

tRCS 

Chip Select Recovery 

Time 

Input to Valid Output 
(Note 7) 


4 

8 


7 

10 

ns 

tAA 

Address Access Time 



12 

20 


25 

35 

ns 


WRITE MODE 


tw 

Write Pulse Width 

(to Guarantee 

Writing) 










DM1 041 5A 

tWSA = 8 ns 

12 

10 


25 

20 


ns 


DM10415 

tWSA = 20 ns 








tWSD 

Data Set-Up Time 

Prior to Write 


4 

0 


5 

0 


ns 

tWHD 

Data Hold Time 


4 

0 


5 

0 


ns 


After Write 









tWSA 

Address Set-Up Time 

Prior to Write 










DM10415A 

DM10415 

tw = 1 2 ns 
tw = 25 ns 

5 

3 


8 

5 


ns 

tWHA 

Address Hold Time 


3 

0 


4 

1 


ns 


After Write 









twscs 

Chip Select Set-Up 

Time Prior to Write 


4 

0 


5 

0 


ns 

tWHCS 

Chip Select Hold Time 

After Write 


4 

0 


5 

0 


ns 

tws 

Write Disable Time 



4 

10 


7 

10 

ns 

tWR 

Write Recovery Time 



4 

10 


7 

10 

ns 


RISE TIME AND FALL TIME 


tr 

Output Rise Time 

Measured Between 20% 


5 



5 


ns 

tf 

Output Fall Time 

and 80% Points 


5 



5 


ns 


Capaci 

lance 

SYMBOL 

PARAMETER 

CONDITIONS 

DM10415A 

DM10415 

UNITS 

MIN 

TYP 

(NOTE 6) 

MAX 

MIN 

TYP 

(NOTE 6) 

MAX 

C|N 

COUT 

Input Pin Capacitance 

Output Pin 

Capacitance 

Measure With a Pulse 

Technique 

■ 

■ 

5 

8 

■ 

4 

7 

■ 



Note 6: Typical values are at = -5.2V, T/^ = 25°C and maxumum loading. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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DM10415, DM10415A 






















DM10415, DM10415A 


Switching Time Waveforms 


Chip Select Access Time 



Address Access Time 



Read Mode 



22-40 










National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM10422 1024-Bit (256 x 4) ECL RAM 


General Description 


The DM10422 is normally a 256-word by 4-blt random ac- 
cess memory. However the memory has four Block Select 
(BS0-BS3) inputs which allow wire-ORing of any of the 
four blocks for a maximum 1024-word by 1-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device Is 
voltage compensated and is compatible with all 10k 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 


Features 

■ 4 separate Block Select inputs for configurations from 
256x4 to 1024x1 

■ Maximum address access time— 12 ns 

■ Typical Block Select access time— 3.5 ns 

■ 10k logic compatible 


Block and Connection Diagrams 


Y- DECODER/DRIVER 


Duai-in-Line Package 



Logic Symboi 


AO 


At 

A2 

0 l 

A3 


A4 

O 2 

A5 


AB 


A7 

O3 

00 


01 

02 

O 4 

03 

WE BS1 BS2 

BS3 BS4 


D1 BS1 02 02 BS2 O 3 03 BS3 O 4 04 BS4 


Pin Names 

BS1-BS4 Block Selects 

A0-A7 Address Inputs 

WE Write Enable 

D1-D4 Data Inputs 

0-|-04 Data Outputs 




Order Number DM10422J 
See NS Package J24E 


Truth Table (Positive Logic) 


Disable 
Write “O’ 
Write “1’ 















Absolute Maximum Ratings 

SupplyVoltage.VEEtoVcc +0.5Vto -7.0V 

Input Voltage, V|N +0.5VtoVEE 

Output Current -30 mA 

Storage Temperature, Tstg - 65°C to + 150°C 

Storage Temperature Under Bias, Tgtg (Bias) - to + 125°C 


DC Electrical Characteristics Vee= -5.2V, RL = 50t)to -2.0V,TA = 0°Cto +75‘’C, air flow exceeding SOO LFM 


Symbol 

Vqh 


Parameter 

Output Voltage 


Input Voltage 


Input Current 


Supply Current 


Conditions 


VoHC Output Threshold Voltage 


VlN = V|HA 
or V|LB 


V|N = V|HB 
or Vila 


Guaranteed Input Voltage 0**C 
High for All Inputs 25°( 

75°( 

Guaranteed Input Voltage 0°C 
Low for All Inputs 25 °( 

75°( 

V|N = V|HA Q°C 

oq 

blhirj ^in = V|lb O-C 

All Inputs and Outputs Q°C 

Open, Test Pin 12 75®( 



Min 

Typ 

Max 

Units 

0"C 

-1000 


-840 


25X 

-960 


-810 


75"C 

-900 


-720 


0"C 

-1870 


-1665 

mv 

25°C 

-1850 


-1650 


75‘’C 

-1830 


-1625 


0°C 

-1020 




25°C 

-980 




75‘’C 

-920 



rv%\/ 

0°C 



-1645 

rnv 

25‘’C 



-1630 


75‘’C 



-1605 


0"C 

-1145 


-840 


25"C 

-1105 


-810 


75"C 

-1045 


-720 

rv-v\/ 

O^C 

-1870 


-1490 

IDV 

25“C 

-1850 


-1475 


75"C 

-1830 


-1450 


0°C to 75‘’C 



220 



0.5 


170 

fiA 

U O lO / O O 

-50 




o°c 

-200 

-160 



75“C 


-145 


m 


AC Electrical Characteristics 

Vee= -5.2V±5%, Rl = 500 to - 2.0V, Ta = 0*C to +75“C, air flow exceeding 500 LFM 


Symbol | 
READ MODE 

Ubs 

^RBS 


Ua 


Block Select Access Time 
Block Select Recovery Time 


tw 

Write Pulse Width 

twSD 

Data Set-Up Time 

twHD 

Data Hold Time 

twSA 

Address Set-Up Time 

twHA 

Address Hold Time 

twSBS 

Block Select Set-Up Time 

twHBS 

Block Select Hold Time 

tws 

Write Disable Time 

twR 

Write Recovery Time 


Conditions 


twsA = 3 ns 


tw = 7 ns 
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DM10422 


Electrical Characteristics (continued) 

Vee = - 5.2V ± 5%, Rl = 500 to - 2.0V, = 0®C to -i- 75®C, air flow exceeding 500 LFM 

Symbol 

Parameter 

Conditions 

Min 

TVP 

Max 

Units 

RISE/FALL TIME 

tr 

Output Rise Time 



3 


ns 

tf 

Output Fall Time 



3 


ns 

CAPACITANCE 

C|N 

Input Capacitance 



4 


pF 

mm 

Output Capacitance 



7 


pF 


Test Circuit and input Waveform 




tr = tf = 2.0 ns ± 10% 

R j = 50n 
Cl = 30 pF 

All timing measurements are referenced from 50% of input levels to 
50% of input/output levels. 


Switching Time Waveforms 


Block Select Access 


BLOCK SELECT 


DATA OUTPUT 


/ 


-tABS 


-tRBS 


^ 


Address Access Time 


ADDRESS INPUTS 


DATA OUTPUT 



Write Mode 


ADDRESS INPUTS 


DATA INPUTS 


BLOCK SELECT 


WRITE ENABLE 


DATA OUT 
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National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM10422A 1024-Bit (256 x 4) ECL RAM 


General Description 


The DM10422A is normally a 256-word by 4-bit random ac- 
cess memory. However the memory has four Block Select 
(BS0-BS3) Inputs which allow wire-ORing of any of the 
four blocks for a maximum 1024-word by l-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and is compatible with ail 10k 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 


Features 

■ 4 separate Block Select inputs for configurations from 
256 X 4 to 1024 x 1 

■ Maximum address access time— 10 ns 

■ Typical Block Select access time— 3.5 ns 

■ 10k logic compatible 


Block and Connection Diagrams 


Y-DECODER/ORIVER 


256 X 4-BIT CELL ARRAY 



— 1 SA/WA i 

1 „ » 

■ — r 

SA/WA 1 

SA/WA 1 

1 

SA/WA 1 



H'i’ 

yjT 


FTt 


D1 BS1 02 02 BS2 O 3 03 BS3 O 4 04 6S4 


Logic Symbol 


AO 

A1 

A2 

0 l 

A3 


A4 

O 2 

A5 


A 6 


A7 

O 3 

DO 


01 

O 4 

02 


03 

WE 

BS1 BM B^ BM 


Pin Names 


BSi-B^ 

Block Selects 

A0-A7 

Address Inputs 

WE 

Write Enable 

D1-D4 

Data Inputs 

Oi-04 

Data Outputs 


Duai-ln-Line Package 



Order Number DM10422AJ 
See NS Package J24E 


Truth Table (Positive Logic) 


TTTT 


Input 

BS 

WE 

Dl 

H 

X 

X 

L 

L 

L 

L 

L 

H 

L 

H 

X 


Disable 
Write “0” 
'Write “1” 
Read 


DM10422A 






DM10422A 


Absolute Maximum Ratings 

Supply Voltage, Vee to Vcc + 0.5V to - 7.0V 

Input Voltage, V|N + 0.5V to Vee 

Output Current -30 mA 

Storage Temperature, Tstg - 65*C to + 150®C 

Storage Temperature Under Bias, Tgtg (Bias) - 55*0 to + 125®C 


DC Electricai Characteristics v, 


Symbol 

Vqh 


Parameter 

Output Voltage 


Input Voltage 


EE= -5.2V, RL = 50nto -2.0V, TA = 0“Cto +75°C, air flow exceeding 500 LFM 

Conditions 


Output Threshold Voltage 


V|N = V|HA 
or V,lb 


V|N = V|HB 
or Vila 


Guaranteed Input Voltage 
High for All Inputs 



Guaranteed Input Voltage 
Low for All Inputs 


Input Current 


Supply Current 


V|N = V|HA 

Vin = V|lb 

All Inputs and Outputs 
Open, Test Pin 12 


OX to 75°C 
OX to 75X 


AC Electrical Characteristics VEE=-5.2V,RL = 50flto -2.0V,TA = 0Xto +75X, air flow exceeding 500 LFM 


Symbol [ 
READ MODE 


Parameter 


WRITE MODE 


Conditions 


Ubs 

Block Select Access Time 

tpBS 

Block Select Recovery Time 

Ua 

Address Access Time 


tw 

Write Pulse Width 

^WSD 

Data Set-Up Time 

^WHD 

Data Hold Time 

twSA 

Address Set-Up Time 

tWHA 

Address Hold Time 

^WSBS 

Block Select Set-Up Time 

^WHBS 

Block Select Hold Time 

<WS 

Write Disable Time 

twR 

Write Recovery Time 


twsA = 2 ns 


tw = 6 ns 
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Electrical Characteristics (Continued) 

Vee = - 5.2V, Rl = 50Q to - 2.0V, = 0°C to + 75°C, air flow exceeding 500 LFM 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


miBiii 

Output Rise Time 



3 


ns 

tf 

Output Fall Time 



3 


ns 

CAPACITANCE 

C|N 

Input Capacitance 

i 

{ 


4 


pF 

Gout 

Output Capacitance 



7 


pF 


Test Circuit and Input Waveform 



tr = tf = 2.0 ns ±10% 

Rj = 500 
Cl = 30 pF 

All timing measurements are referenced from 50% of input levels to 
50% of input/output levels. 


Switching Time Waveforms 


Block Select Access 


BLOCK SELECT 


/ 


-tABS 




-tRBS 


Address Access Time 


ADDRESS INPUTS 


DATA OUTPUT 



Write Mode 


ADDRESS INPUTS 


DATA INPUTS 


BLOCK SELECT 


WRITE ENABLE 


DATA OUT 
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DM10470, DM10470A, DM10470L 



National 

Semiconductor 


Bipolar and ECL RAMs 


DM10470 Standard, DM10470A High Speed, 
DM10470L Low Power 
4096-Bit (4096 x 1) ECL RAMs 


General Description 

The DM10470 is a 4096-bit random access memory organ- 
ized 4096-words by 1 bit. It is designed for high speed 
scratch pad and buffer storage applications. It is voltage 
and temperature compensated and compatible with all 
10k logic. It has separate Data In and Data Out pins. The 
active low Chip Select CS and unterminated emitter-fol- 
lower outputs allow easy expansion. 

The DM10470 is speed and power selected to provide cost- 
performance benefits not available from any other 
manufacturer. 


Features 

■ Three speed-power combinations for maximum cost- 
performance: 

Standard DM10470 25 ns/200 mA max 

Highspeed DM10470A 15 ns/200 mA max 

Low power DM10470L 25 ns/130 mA max 

■ 10k logic compatible 

■ Unterminated emitter-follower outputs 


Logic Diagram 



See NS Package J18A 


Connection Diagram 

Duai-ln-Line Package 


Logic Symboi 




Truth Table 


Inputs 

Output 

Mode 

CS 

WE 

D|N 

Open Emitter 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dqut 

Read 


Pin Names 

CS Chip Select Input 

A0-A11 Address Inputs 

We Write Enable 

0||sj Data Input 

DquT Data Output 
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Absolute Maximum Ratings 

Operating Conditions 





Min 

Max 

Units 

Temperature Under Bias (Ambient) -55°Cto -f 125^ 

Storage Temperature Range - 65°C to -f 150®C 

Vee Relative to Vcc - 7.0V to -f 0.5V 

Any Input Relative to Vcc Vee to + 0.5V 

Output Current (Output High) -30 mA to +0.1 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 

Supply Voltage(VEE) 
Ambient Temperature(TA) 

-5.46 

0 

-4.94 

+ 75 

V 

°C 


DC Electrical Characteristics 

Vee = - 5.2V, output load = 50fi and 30 pF to - 2.0V, = 0®C to + (Notes 1, 2, 3 and 4) 


Symbol 

Parameter 

Conditions 

Ta 

B Limit 

A Limit 

Units 

I 

o 

> 

Output Voltage High 

CD 

> 

O 

< 

X 

> 

II 

z 

> 

o°c 

-1000 

-840 

mV 




+ 25°C 

-960 

-810 





+ 75°C 

-900 

-720 


Vql 

Output Voltage Low 

V|N = V|HA O'" V(LB 

0°C 

-1870 

-1665 

mV 




+ 25'’C 

-1850 

-1650 




. 

+ 75°C 

-1830 

-1625 


Vqhc 

Output Voltage High 

V|N = VihbOI" Vila 

0°C 

-1020 


mV 




+ 25°C 

-980 






+ 75'’C 

-920 



Vqlc 

Output Voltage Low 

V|N = V|hb O'" Vila 

OX 


-1645 

mV 




+ 25X 


-1630 





+ 75X 


-1605 


V|H 

Input Voltage High 

Guaranteed Input Voltage High 

OX 

-1145 

-840 

mV 



for All Inputs 

+ 25X 

-1105 

-810 





+ 75X 

-1045 

-720 


V|L 

Input Voltage Low 

Guaranteed Input Voltage Low 

OX 

-1870 

-1490 

mV 



for All Inputs 

+ 25X 

-1850 

-1475 





+ 75X 

-1830 

-1450 


IlH 

Input Current High 

V|N = V|HA 

OX 


220 

/.A 




to 







+ 75X 




IlL 

Input Current Low, CS 

OQ 

_l 

> 

II 

Z 

> 

OX 

0.5 

170 

/xA 


All Others 


to 

-50 






+ 75X 





Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under worst-case conditions. 

Note 2: The specified limits represent the worst-case value for the parameter. Since these worst-case values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 500 linear FPM and 2-minute warm-up period. Typical resistance values of the package are: 0 j a, (junc- 
tion to ambient) = OO^C/W (still air); 0 ja (junction to ambient) = SOX/W (at 500 FPM air flow); 0jc (junction to case) = 25X/W. 

Note 4: “A” indicates the most positive value, “B” indicates the most negative value. 
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DM10470, DM10470A, DM10470L 



OM10470, DM10470A, DM10470L 


AC Electrical Characteristics 

Vee= -5.2V ±5%, output load = 500, 30 pF to -2.0V, Ta = 0°C to +75°C 





I DM10470A 

1 DM10470 

DM10470L 


Symbol 

Parameter 

Conditions 

Min 







Typ 

(Note 6) 




READ MODE 


Ucs 

Chip Select Access 
Time 



4 

8 


5 

10 


5 

10 


tpcs 

Chip Select Recovery 
Time 

Measured at 50% of Input to 
50% of Output (Note 7) 


4 

8 


5 

10 


5 

10 


tAA 

Address Access Time 



12 

15 


18 

25 


18 

25 



WRITE MODE 


tw 

Write Pulse Width (to 
Guarantee Writing) 













DM10470A 

twsA = 3 ns 

10 



15 



15 



ns 


DM10470/L 

twsA = 6 ns 











fwSD 

Data Set-Up Time 

Prior to Write 


2 

1 


2 

1 


2 

1 


ns 

%HD 

Data Hold Time 

After Write 


2 

0 


2 

0 


2 

0 


ns 

twSA 

Address Set-Up Time 
Prior to Write 













DM10470A 

tw = 10 ns 

3 , 

1 


3 

1 


3 

1 


ns 


DM10470/L 

tw = 15 ns 











tWHA 

Address Hold Time 

After Write 


2 

0 


2 

0 


2 

0 


ns 

twscs 

Chip Select Set-Up 
Time Prior to Write 


2 

1 


2 

1 


2 

1 


ns 

twHCS 

Chip Select Hold 

Time After Write 


2 

0 


2 

0 


2 

0 


ns 

tws 

Write Disable Time 

50% of Input to 50% of Output 


5 

8 


5 



5 

8 

ns 

twR 

Write Recovery Time 


5 

8 


5 



5 

8 

ns 


RISE TIME AND FALL TIME 




tr 

tf 

Output Rise Time 

Output Fall Time 

Measured Between 20% 

and 80% Points 


3 

3 _ 



3 

_2_j 



3 

3 


ns 

ns 


Capacitance 





I DM10470A 

1 DM10470 

DM10470L 


Symbol 

Parameter 

Conditions 

Min 

■m 

Max 





jjWjjH 


Units 

C|N 

Input Pin Capacitance 

Measure with a Pulse 


■■ 


■ 

s 

Bj 

■ 

B 


pF 

CoUT 

Output Pin Capacitance 

Technique 


B 


■ 

B 

B 

Bi 

B 


pF 


Power Supply Current Vee= -5.2v, output load =500 and 30 pf to - 2 . 0 V 


Symbol 

Parameter 

Conditions 

DM10470A 

B Limit 

DM10470 

B Limit 

DM10470L 

B Limit 

Units 


Power Supply Current 
(Pin 8) (Note 5) 

All Inputs and Outputs 
Open, Ta = 25°C 

-200 

-200 

-130 

mA 


Notes: Typical values at Vee = -5.2V; Ta = 0“C, Iee= -145 mA;TA = 25'*C, Iee = '>35 mA:TA = 75“C, lEE = 125mA. 

Note 6: Typical values are at Vee =- 5.2V, Ta = 25‘’C and maximum loading. 

Note 7: The maximum address access time is guaranteed to be the worst-case bit in the memory using a pseudorandom testing pattern. 
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Functional Description 

Addressing the DM10470/DM10470A is achieved by means 
of the 12 address iines, A0-A11. Each of the 2"’^ one- 
zero combinations of the address lines corresponds to a 
unique bit location in the memory. The memory array can 
be expanded to 8192 words without additional decoding, 
by using the active low Chip Select (CS) and wire-ORing 
the unterminated emitter-follower outputs. A 50fl resistor 
to - 2V (or an equivalent network) is required to provide a 
low at the output when the device is off. This termination 
is required for both single device or wire-ORed operation. 


The device is selected with CS low and deselected with ^ 
high. The operating mode is controlled by the active low 
Write Enable (WE). WE low causes the data at the Data 
Input (D|n) to be stored at the selected address. WE low 
also causes the output to be disabled (low due to the 50n 
pull-down resistor). WE high causes the data stored at the 
selected a^ress to be present at the Data Output (Dqut) 
pin when CS is low. 


Switching Time Waveforms 


Chip Select Access Time 



Address Access Time 


ADDRESS INPUTS 


DATA OUTPUT 



Read Mode 
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DM10470, DM10470A, DM10470L 



Switching Time Waveforms (Continued) 


Write Mode 



Test Conditions 


Loading Conditions 


Input Levels 


GND 




All timing measurements referenced to 50% of input levels 
Cl = 30 pF including jig and stray capacitance 
RT = 50n 






National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM10474/DM10474A (1024 x 4) 4096-Bit, 10k ECL RAM 


General Description 

The DM10474 is a 4096-bit read/write random access 
memory, organized in the popular 1024 words by 4-bit con- 
figuration. The input and output levels are voltage compen- 
sated 10k ECL levels. The DM10474A has a maximum ac- 
cess time of 15 ns, and the DM10474 has a maximum ac- 
cess time of 25 ns. 


Features 

■ 1024 words X 4-bit organization 

■ On chip voltage compensation for improved noise 
margin 

■ Fully compatible with industry standard 10k series ECL 
families 

■ Address access time: 25 ns max for standard part, 
15 ns max for “A” part. 

■ Chip select access time: 10 ns max for standard part, 
6 ns max for “A” part. 

■ Low power dissipation: -220 mA max for “A” part, 
-200 mA max for standard. 

■ Pin compatible with F10474 and MBM10474 


Connection and Block Diagrams 



TOP VIEW 


TL/L/5 164-1 

Order Number DM10474J or DM10474AJ 
See NS Package J24E 


AO A1 A2 A3 



TL/L/5164-2 


Truth Table 


1 Inputs 

Output 

Mode 


WE 

D|N 

Open Emitter 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

WRITE "0” 

L 

L 

H 

L 

WRITE "1” 

L 

H 

X 

Dqut 

READ 


H = high voltage level 
L = low voltage level 
X = don’t care 
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DM10474/DM10474A 


DC Electrical Characteristics 

(Vcc = OV, Vee = - 5.2V, output load = 50fi to - 2.0V and airflows 500 LFM unless otherwise noted.) 


Symbol 

VOH 


Output High Voltage 
(ViN = V|H max O*" Vil min) 

Output Low Voltage 
(V|N = V|H max or V|l min) 

Output High Voltage 
(V|N = ViHmin orV|Lmax) 

Output Low Voltage 
(V|N = V|H min or V|l rnax) 

Input High Voltage 

(Guaranteed Input Voltage High for All Inputs) 
Input Low Voltage 

(Guaranteed Input Voltage Low for All Inputs) 

Input High Current (V|n = V|h max) 

Input Low Current (V|n = V|l min) 

^ Input Low Current (V|n = V|l min) 

Power Supply Current 
(All Inputs and Outputs Open) 


Conditions 

Min 

Typ 

Max 

Units 

0“C 

-1000 


-840 


25“C 

-970 


-810 

mV 

75“C 

-900 


-720 




0“C 

-1020 




25“C 

-980 



mV 

75“C 

-920 




0“C 



-1645 


25°C 



-1630 

mV 

75°C 



-1605 


0“C 

-1145 


-840 


25'’C 

-1105 


-810 

mV 

75“C 

-1045 


-720 


0°C 

-1870 


-1490 


25“C 

-1850 


-1475 

mV 

75'’C 

-1830 


-1450 


0° to 75°C 



220 

juA 

0“ to 75“C 

-50 



juiA 

0“ to 75“C 

0.5 


170 

juA 

0“ to 75°C 

-200 

-220* 



mA 


*For the DM1 0474 A, 


AC Test Circuit and Switching Time Waveform 

(Full guaranteed operating ranges, output load = 501) to -2.0V and 30 pF to GND and airflow>500 LFM unless otherwise 


Vcc Vcco 
OflUT 

Vee 


-0.V 

-1.7V. — I T 

— n - 

tr = tf = 2.0 ns typ 
Output Load: RL = 50ft 
Cl = 30 pF 

(including jig and stray capacitance) 


Note; All timing measurements referenced to 50% input levels. 
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Read Cycle 


Symbol 

Parameter 

DM10474 

DM10474A 

Units 

Typ 

Max 

Typ 

Max 

tAA 

Address Access Time 


25 


15 

ns 

Ucs 

Chip Select Access Time 


10 


6 

ns 

tRCS 

Chip Select Recovery Time 

10 


6 


ns 


Read Cycle Timing Diagrams 



3 ^ 


DOUT 




Symbol 

Parameter 

DM10474 

DM10474A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tw 

Write Pulse Width 



12 



8 

ns 

tws 

Write Disable Time 


4 





ns 

tWR 

Write Recovery Time 


4 



1 


ns 

twSA 

Address Set Up Time 


0 





ns 

twscs 

Chip Select Set Up Time 


0 





ns 

twSD 

Data Set Up Time 


0 





ns 

tWHA 

Address Hold Time 


0 





ns 

tWHCS 

Chip Select Hold Time 


0 





ns 

tWHD 

Data Hold Time 


0 





ns 


Write Cycle Timing Diagrams 


CS 


V 



ADDRESS 




X 


Din 


WE 


Dout 
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twscs- 


h^twS' 


tWR ► 
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DEVICE 

Introduction 

IDM2901A, IDM2901A-1, 

IDM2901A-2 

IDM2902 

IDM2909A/11A 

IDM2910A 

I DM29803 

IDM29811 

DM10900 

IDM2900 


AN-203 

AN-217 

AN-230 


Section 23 

2900 Family/ 

Bipolar Microprocessor 


DESCRIPTION 


4-Bit Bipolar Microprocessor 

Look-Ahead Carry Generator 
Microprogram Sequencer 
Microprogram Controller 
16-Way Branch Controller 
Next-Address Controller 
8-Bit Parity ALU Slice 
Family Applications Information 
System Architecture of the IDM2901A 
Expanding the IDM2901 Bit-Slice Microprocessor 
Hardware Multiplication 
Byte Swapping 
Instruction Fetch Cycle 
File Expansion 

Using the IDM2909A/11A In a Computer Control Unit 
Speed Enhancement of Bipolar Bit-Slice Microprocessor Systems 
Bit Slice Microprocessor Design Takes a Giant Step Forward with 
“Schottky-Coupled-Logic” Circuits 
High-Speed Bit Slice Microsequencing Design 
Fine Tuning the ALU Carry Path 
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Introduction 


Since its introduction in 1976, the 2900 Family of 
Bipolar Microprocessor Components has rapidly 
established itself as the industry standard for bit- 
slice, microprogrammable system design. 
National Semiconductor is pleased to have 
contributed to the success of this family by 
providing the highest performance components 
available from any manufacturer. We are firmly 
committed to continuing this emphasis on 
performance, since we feel that designers of 
bipolar systems will continue to demand increased 
component speed as their system throughput 
requirements increase. We are not only dedicated 
to providing components, but also to developing 
the design techniques that optimize their use in 
systems. This Is evidenced by the expanded 
Applications section in this book. 

To achieve this higher performance. National 
developed a design technique referred to as SCL^ 
and Introduced its first 2900 Family product— the 
IDM2901A— in 1977. This device featured AC 
characteristics that were 25% faster than 
anything on the market at that time. In 1978, a 
speed-selected version of the 2901A— the 
IDM2901A-1— was introduced. This device further 
improved performance by an additional 15%. In 
1982 an additional 30% performance improvement 
was provided by the I DM2901 A-2, a device that 
combines the SCL design technique with the 
latest advances in bipolar LSI processing. All of 
this has been accomplished without a single com- 
promise with regard to functionality or DC 
characteristics. In fact, power dissipation in all 
cases is equal to or less than that of the competing 
Low Power Schottkv devices. 

Following its success with the IDM2901, National 
applied the SCL design technique to the 
IDM2909A, IDM2910A, IDM291 1 A, and iDM29705A. 
These devices also have speed characteristics 
that are 30% -50% better than those of the com- 
peting LS versions. 

Not content to simply second source existing 2900 
functions. National has also added to the family 
additional devices that were found to be 
significantly useful in bit-slice microprocessor 
design. These include devices from other National 
product lines — such as the Bipolar Memory and 
Octal Logic devices found in this book — and 
certain proprietary functions, such as the 29903 
16x4 Edge-Triggered Register File. 


Even more significantly, National will begin to 
develop new bit-slices and microsequencers that 
are architecturally different from other products 
on the market. 

These products, plus other products currently in 
development, make use of the SCL design philoso- 
phy. By using SCL, National has not only set a 
standard of performance for the 2900 Family that 
other manufacturers are attempting to duplicate, 
but also is providing you— the design engineer— 
with components that allow you to build the high- 
est performance systems possible using bipolar 
LSI technology. 


1. SCL is a design technique that combines the performance 
advantages of ECL with Low Power Schottky input and 
output compatibility. For a more detailed description, see 
the Applications section. 
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National 2900 Family/ 

SamiCOndUCtor Bipolar Microprocessor 

IDM2901A, IDM2901A-1/IDM2901A-2 
4-Bit Bipolar Microprocessor 

Features and Benefits 

■ Multiple-address architecture — improves system 
speed by providing simultaneous yet independent 
access to two working registers, 

■ Multifunction ALU — performs addition, two sub- 
traction operations, and five logic functions on two 
source operands. 

■ Flexible data-source selection — for every ALU 
function, data is selected from five source ports for a 
total of 203 source, operand pairs. 

■ Left/right shift independent of ALU — an arithmetic 
operation and a left or right shift can be obtained on 
the same machine cycle. 

■ Four status flags — carry, overflow, zero, and func- 
tional sign are available as outputs. 

■ Expandable — Connect any number of IDM2901s 
together for longer word lengths, 

■ Microprogrammable — three groups of 3 bits each for 
source operand, ALU function, and destination 
control. 


Block Diagram 



General Description 

The IDM2901 4-bit bipolar microprocessor slice is a 
cascadable device designed for use in Central Processing 
Units, programmable microprocessors, peripheral con- 
trollers, and other “high-speed” applications where 
economy, hardware/software flexibility, and easy expan- 
sion are system prerequisities. The building-block ar- 
chitecture and microinstruction format of the IDM2901 
permit efficient emulation of most digital-based systems. 

As shown in the simplified block diagram, the IDM2901 
device consists of a 16-word by 4-bit 2-port RAM, a 
high-speed ALU, and the required shifting, decoding, 
and multiplexing circuits. The 9-bit microinstruction 
word is organized into three groups of three bits each — 
the first group (bits 0-2) selects ALU source operands, 
the second group (bits 3-5) selects the ALU function, 
and the last group (bits 6-8) selects the destination 
register within the ALU. The slice microprocessor is 
cascadable with full look-ahead or ripple carry; all 
outputs are TRI-STATE®, and four status-flag outputs 
are available. Td minimize power consumption and to 
maximize speed and reliability, the 40-pin LSI chip is 
fabricated using a National state-of-thfe-art Low-Power 
Schottky technology called "SCL”. 
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Absolute Maximum Ratings 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-65°C to+150°C 
-55°Cto+125°C 
-0.5 V to +6.3 V 

-0.5 V to +Vcc 
-0.5 V to +5.5 V 
30 mA 

-30 mA to +5.0 mA 


Operating Range 


P/N 

IDM2901 JC, NC 
IDM2901 JM, JM/883 
IDM2901A-1 JC, NC 
IDM2901A-1 JM, JM/883 


Temperature 

Ta = 0°C to +70°C 
Tc = -55°Cto+125°C 
Ta = 0°Cto +70°C 
Tc = -55°Cto +125°C 


Vcc 

4.75V to 5.25V 
4.50V to 5.50V 
4.75V to 5.25V 
4.50V to 5.50V 


Standard Screening (conforms to mil-std-ssc for ciass c parts) 


Step 

MIL-STD-883 

Method 

Conditions 

1 Level 

JC, NC 

JM 

Pre-Seal Visual Inspection 

2010 

B 

100% 

100% 

Stabilization Bake 

1008 

C: 24-hour 150°C 

100% 

100% 

Temperature Cycle 

1010 

C: -65°Cto+150°C 

10 cycles 

100% 

1 00% 

Centrifuge 

2001 

B: 1 0,000 G 

100%* 

100% 

Fine Leak 

1014 

A: 5 X 10"® atm-cc/cm^ 

100%* 

100% 

Gross Leak 

1014 

C2: Fluorocarbon 

100%* 

100% 

' Electrical Test 

Subgroups 1 and 7 and 9 

5004 

See below for 
definitions of subgroups 

100% 

1 

100% 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 





Subgroup 1 1 



LTPD = 5 

j LTPD = 5 

Subgroup 2 1 



LTPD = 7 

LTPD = 7 

Subgroup 3 

5005 

See below for 

LTPD = 7 

LTPD = 7 

Subgroup 7 

definitions of subgroups 

LTPD = 7 

LTPD = 5 

Subgroup 8 



LTPD = 7 

LTPD = 7 

Subgroup 9 



LTPD = 7 

LTPD = 5 


*Not applicable to I DM2901 ANC. 


Additional Screening for Class B Parts Group A Subgroups 


las defined in MIL-STD-883, method 5005) 


Subgroup 

Parameter 

Temperature 

1 

DC 

25"C 

2 

DC 

Maximum rated temperature 

3 

DC 

Minimum rated temperature 

7 

Function 

25°C 

8 

Function 

Maximum and minimum rated 
temperature 

9 

Switching 

25“C 

10 

Switching 

Maximum rated temperature 

11 

Switching 

Minimum rated temperature 



MILSTD-883 

Method 


Level 

Step 

Conditions 

JM/883 

Burn-In 

1015 

D; 125°C, 160 hours min 

100% 

Electrical Test 

5004 



Subgroup 1 



100% 

Subgroup 2 



100% 

Subgroup 3 



100% 

Subgroup 7 



100% 

Subgroup 9 



100% 

Return to Group A Tests in Standard Screening | 


Electrical Characteristics Over Operating Range idm 29 oia/idm 29 oia i 


Symbol 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

Vqh 

Output High Voltage 

Vcc = 1 

V|N = V|H or V|L 

•oh = -1.6 mA; 
Y 0 /Y 1 /Y 2 /Y 3 

2.4 



V 

IQH = -1.0 mA; Cn+4 

2.4 



IQH = -800/iA;OVR/P 

2.4 



Iqh = -600 pA; F 3 

2.4 1 



•oh “ -600 pA; 
RAMo,3/Qo,3 

2.4 



•oh = -1-6 mA;7j 

2.4 
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Electrical Characteristics (cont’d.) 

Symbol 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note-2) 

Max 

Units 

ICEX 

Output Leakage Current 
for F = 0 Output 

Vcc = min; Vqh = 5.5 V, V|N = V|h or V|l 



250 

PA 

VOL 

Output Low Voltage 

Vcc = min; 

V|N = V|H or V|L 

Iql “ 20mA (Com'l) 
Y 0 /Y 1 /Y 2 /Y 3 



0.5 

V ; . 

•OL “ 16 mA (Mil); 
Y 0 /Y 1 /Y 2 /Y 3 



0.5 

IOL= 16mA;'G/F = 0 




0.5 

Iql = 10 mA; Cn- 1-4 



0.5 

•OL “ 10mA; 

OVR/P 



0.5 

•OL “ 5 mA; 
F3 /RAMo,3/QO,3 



0.5 

V|H 

Input High Level ■ 

Guaranteed input logical high voltage for all 
inputs ' 

2.0 



V 

V|L 

Input Low Level 

Guaranteed input logical low voltage for all 
inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vqc = min; l|i\| = -18mA 



-1.5 

V 

l|L 

Input Low Current 

Vcc = max; 

V|N = 0.5 V 

Clock/OT/Cn 



-0.36 

mA 

A 0 /A 1 /A 2 /A 3 



-0.36 

B 0 /B 1 /B 2 /B 3 



-0.36 

D 0 /D 1 /D 2 /D 3 



-0.36 

IO/ll/l 2 /l 6 



-0.36 

l3/l4/l5 



-0.36 

•7/l8 



-0.36 

RAMo,3/Qo, 3 (Note 4) 



-0.36 

l|H 

Input High Current 

Vcc ~ max; 

V|N = 2.7 V 

Clock/OE 



20 

•UiA 

. 

Ao/Ai/A2/A3 



20 

B 0 /B 1 /B 2 /B 3 



20 

Dq/D 1 / 02/03 



20 

l 0 /ll/l 2 /l 6 /l 8 



20 

l3/l4/l5/l7 



20 

RAMo^ 3/Q0,3 (Note 4) 



100 

Cn 



20 

l| 

Input High Current 

Vcc = max;V|N = 5.5 V 



1.0 

j mA 

lOZH, 

lOZL 

Off State (High Impedance) 
Output Current 

Vcc = max 

Y 0 /Y 1 /Y 2 /Y 3 

Vo = 2.4 V 



50 

/iA 

Vo = 0.5 V 



-50 - 

RAMo,3/Qo,3 

Vo = 2.4 V 
(Note 4) 



100 

Vo = 0.5 V 
(Note 4) 



-360 

•os 

Output Short Circuit Current 
(Note 3) 

Vcc = 5.75 V 
Vo = 0.5 V 

Y 0 /Y 1 /Y 2 /Y 3 /G 

-30 


-85 

mA 

Cn+4 

-30 


-85 

OVR/F 

-30 


-85 

F3 

-30 


-85 

RAMo,3/Qo,3 

-30 


-85 

•cc 

Power Supply Current (Note 6 ) 

Vcc = max 

Ta = 25°C 


160 

245 

mA 

' JC 

Ta = 0°C to +70°C 

Ta = + 70 °c 


160 - 

160 

260 

220 

mA 

JM 

Tc = -55°C to-f-125°C 

Tc = +125°C 


160 

160 

275 

185 

Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

Note 2: Typical limits are at Vqq = 5.0 V, 25° C ambient, and maximum loading. , 

Note 3; Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: These are TRI-STATE outputs internally connected to PNP inputs. Input characteristics are measured with 10,7,8 ^ state 

such that the TRI-STATE output is off (high-impedance). 

Note 5; "Mil” = IDM2901JM, JM/883; "Com'l” = IDM2901JC, NC. ' 

Note 6 : Worst case I^q is at minimum temperature. 
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Absolute Maximum Ratings 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential -0.5 V to +6.3 V 

DC Voltage Applied to Outputs for 
High Output State -0.5 V to +Vqc 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, into Outputs 30 mA 

DC Input Current -30 mA to +5.0 mA 


Standard Screening (conforms to mi l-std-sss for ciass c parts) 


Operating Range 


P/N 

IDM2901A-2 JC, NC 
IDM2901A-2 JM 
IDM2901A-2 JM/883 


Temperature 
T^ = 0°C to +70°C 
Tc = -55°Cto+125°C 
tc = -55°Cto+125°C 


Vcc 

4.75V to 5.25V 
4.50V to 5.50V 
4.50V to 5.50V 


Step 


MIL-STD-883 

Method 


Conditions 


Level 


JC, NC 


JM 


Pre-Seal Visual Inspection 


2010 


B 


100 % 


100 % 


Stabilization Bake 


1008 


C: 24-hour 150 C 


100 % 


100 % 


Temperature Cycle 


1010 


C: -65 C to +150 C 
10 cycles 


100 % 


100 % 


Centrifuge 


2001 


B: 1 0,000 G 


100 %* 


100 % 


Fine Leak 


1014 


A; 5x1 0"^ atm-cc/cm^ 


100 %* 


100% 


Gross Leak 


1014 


C2; Fluorocarbon 


100 %* 


100 % 


Electrical Test 
Subgroups 1 and 7 and 9 


5004 


See below for 
definitions of subgroups 


100 % 


100% 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 8 
Subgroup 9 


5005 


See below for 
definitions of subgroups 


LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 7 
LTPD = 7 
LTPD = 7 


LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 5 
LTPD = 7 
LTPD = 5 


*Not applicable to IDM2901A-2 NC 


Additional Screening for Class B Parts 


Group A Subgroups 

(as defined in MlL-STD-883, method 5005) 



MIL-STD-883 

Method 


Level 

Step 

Conditions 

JM/883 

Burn-In 

1015 

D‘ 125°C, 160 hours mm 

100% 

Electrical Test 

5004 



Subgroup 1 



100% 

Subgroup 2 



lOO^^o 

Subgroup 3 

1 


100% 

Subgroup 7 



100% 

Subgroup 9 



100% 

Return to Group A Tests in Standard Screening [ 


Subgroup 

Parameter 

Temperature 

1 

DC 

25°C 

2 

DC 

Maximum rated temperature 

3 

DC 

Minimum rated temperature 

7 

Function 

25°C 

8 

Function 

Maximum and minimum rated 
temperature 

9 

Switching 

25°C 

10 

Switching 

Maximum rated temperature 

11 

Switching 

Minimum rated temperature 


Electrical Characteristics Over Operating Range idivi 29 oia 2 


Symbol 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

Vqh 

Output High Voltage 

' 

1 

Vcc = 

V|N = V|H or V|L 

Iqh " -1.6mA; 
Y 0 /Y 1 /Y 2 /Y 3 

2.4 



V 

Iqh - 1 . 0 mA, Cn-i -4 

2.4 



iQH = -800/iA;OVR/P 

2.4 


j 

•oh = -600 pA; F 3 

2.4 



•oh = -600pA; 
RAI\/Io,3/Qo,3 

2.4 



•oh = - 1.6 mA;^ 

2.4 
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Electrical Characteristics (continued) 

Symbol 

Description 

- 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

'CEX 

Output Leakage Current 
for F = 0 Output 

Vcc = fTi'n; VOH = 5.5 V, V|N = V|H or V|L 



250 

pA 

VOL 

Output Low Voltage 

Vcc = fTiin; 

V|N = V|H or ViL 

•OL ~ 20mA (Com'l) 
Y0/Y1/Y2/Y3 



0.5 



V 

•OL ~ 16 mA (Mil); 
Y0/Y1/Y2/Y3 



0.5 

•OL " 16 mA; G/F = 0 



0.5 

Iql = 10mA; Cn+4 



0.5 

•OL ~ 10 mA; 

OVR/P 



0.5 

•OL " 5 mA; 
F3 /RAMo,3/QO,3 



0.5 

V|H 

Input High Level 

Guaranteed input logical high voltage for all 
inputs 

2.0 



V 

V|L 

Input Low Level 

Guaranteed input logical low voltage for all 
inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc “ •in “ -18mA 



-1.5 

V 

l|L 

Input Low Current 

Vcc = 

V|N = 0.5 V 

Clock/OE/Cn 



-0.36 

mA 

A0/A1/A2/A3 . 



-0.36 

B0/B1/B2/B3 



-0.36 

Dq/D 1/02/03 



-0.36 

l0/^l/^2/l6 



-0.36 

l3/l4/^5 



-0.36 

•7/* 8 



-0.36 

RAMo,3/Qo, 3 (Note 4) 



-0.36 

l|H 

Input High Current 

Vcc = nfiax; 

VjN = 2.7 V 

Clock/OE 



20 

pA 

A0/A1/A2/A3 



20 

B0/B1/B2/B3 



20 

O0/O1/D2/D3 



20 

Io/^i/^ 2/^6/^8 



20 

• 3/^4/^5/^7 



20 

RAMo,3/Oo 3 (Note 4) 


j 

100 

Cn 


1 

20 

l| 

Input High Current 

Vcc " ^ 5.5 V 



1.0 

mA 

'OZH, 

lOZL 

Off State (High Impedance) 
Output Current 

Vcc = fTtax 

Yo/Yi/Y2/Y3 

Vo = 2.4 V 



50 

pA 

Vo = 0.5 V 



-50 

RAMo,3/Qo,3 

Vo = 2.4 V 
(Note 4) 



100 1 

Vo = 0.5 V 
(Note 4) 


i 

1 

j 

-360 

•os 

Output Short Circuit Current 
(Note 3) 

Vcc = 5.75 V 
Vo = 0.5V 

Y0/Y1/Y2/Y3/G 

-30 

1 

-85 

mA 

Cn+4 

-30 


-85 

OVR/P 

-30 


-85 

F3 

-30 


-85 

iRAMo,3/Qo,3 

-30 


-85 

•cc 

Power Supply Current (Note 6) 

Vcc = fTiax 

Ta = 25°C 


160 

250 


JC 

Ta = O'^C to +70°C 


160 

265 

mA 

JM 

Tc = -55°C to +125°C 

Tc = +125°C 


160 

160 

280 

190 

Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

Note 2: Typical limits are at Vqc “ 5.0 V, 25°C ambient, and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: These are TRI-STATE outputs internally connected to PNP inputs. Input characteristics are measured with 10,7,8 ^ state 

such that the TRI-STATE output is off Ihigh-impedance). 

Note 5: "Mil” = 1 DM2901 A-2 JM, JM/883; "Com'l" = IDM2901A-2 JC, NC. 

Note 6: Worst case Iqq is at minimum temperature. 
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Figure 1. IDM2901 Microprocessor, Detailed Block Diagram 
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IDM2901A, IDM2901A-1, IDM2901A-2 


Test Output Load Configurations for IDM2901A, A-1, A-2 


A. Three-State Outputs 


Vcc 



B. Normal Outputs 


Vcc 



R2 = 


2.4V 


'oh 

5.0-Vbe-Vol 

" Iol + Vol/R2 


C. Open-Collector Outputs 

Vcc 


►ri 


VOUT- 


T 

. 5.0 - VoL 
'OL 


Note 1: Cl = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 

Note 2: SI, S2, S3 are closed during function tests and ail AC tests except output enable tests. 

Note 3: SI and S3 are closed while S2 is open for tpzn test. 

SI and S2 are closed while S3 is open for tpzL test. 

Note 4: Cl = 5.0 pF for output disable tests. 


TESTING CONSIDERATIONS 

Incoming test procedures oh this device should be care- 
fully planned, taking into account the high complexity and 
power levels of the part. The following notes may be 
useful. 

1. Insure the part is adequately decoupled at the test 
head. Large changes in Vcc current as the device 
switches may cause erroneous function failures due to 
Vcc changes. 

2. Do not leave inputs floating during any tests, as they 
may start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high 
speed. Following an input transition, ground current 
may change by as much as 400 mA in 5 ns-8 ns. Induct- 
ance in the ground cable may allow the ground pin at 
the device to rise by 100s of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. 
Many inputs may be changed at once, so there will be 
significant noise at the device pins and they may not 
actually reach V|l or V|h until the noise has settled. 
National recommends using V|l< 0.4V and V|h> 2.4V 
for AC tests. 

5. To simplify failure analysis, programs should be 
designed to perform DC, Function, and AC tests as 
three distinct groups of tests. 


Test Output Loads for IDM2901A, A-1, A-2 


Pin# 

Pin Label 

Test 

Circuit 

R1 

R2 

3 

RAM3 

A 

560 

Ik 

5 

RAMo 

A 

560 

Ik 

7 

F = 0 

C 

270 

_ 

13 

Q 3 

A 

560 

Ik 

18 

Qo 

A 

560 

Ik 

28 

F 3 

B 

620 

3.9k 

29 

G 

B 

220 

1.5k 

30 

+ 4 

B 

360 

2.4k 

31 

OVR 

B 

470 

3k 

32 

P 

B 

470 

3k 

33-36 

Yo-3 

A 

220 

Ik 
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Architecture 

Figure 1 shows a detailed block diagram of the IDM2901. 
Observe that all data paths are 4 bits wide; however, 
the 4-bit slice can be cascaded to the number of bits 
required for a particular application. Although all parts 
of the bipolar device are important, the two key ele- 
ments are the 16-word by 4-bit 2-port RAM and the 
high-speed ALU. 

Any one of the 16 words in RAM can be read from the 
A-port (A3-A0) or the B-port (83 -Bq); the selected 
word for the A-port is determined by the 4-bit A-address 
field, whereas the B-address field controls the output of 
the B-port. If the two address codes are identical, the 
same file data appears simultaneously at both output 
ports (A and B). 

When enabled by RAM EN, new data is written into the 
file “word" defined by the B-address field; the write 
function is implemented when the clock Input is low. 

Each bit of data to be written is input via a 3-input 
multiplexer; this scheme permits shifting up one bit 
position (from LSB towards MSB), shifting down one 
bit position (from MSB towards LSB), or not shifting 
at all. A similar scheme Is used when data is written into 
the “Q" register. 

Each of the A and B data ports drives an associated 4-bit 
latch. These latches hold the RAM data while the clock 
Input is low; consequently, any possibility of race 
conditions when writing new data is eliminated. 

The high-speed ALU can perform three binary arithmetic 
and five logic operations on the two 4-bit input words 
(R3-R0 and S3-S0). The R-input field is driven from 
a 2-input multiplexer, whereas the S-input field is driven 
by a 3-input multiplexer. Both the R- and S-multiplexers 


have an inhibit capability, where no data is passed — this 
is equivalent to a “zero" source operand. Referring to 
figure 1, observe that the A-port output of the RAM and 
the 4-bit direct-data inputs (D3-D0) are connected to 
the R-input multiplexers; the S-input multiplexer has 
three Inputs — one from the A-port of RAM, one from 
the B-port of RAM, and one from the Q-register. 

With the foregoing input-multiplexer scheme, the inputs 
(A, B, D, Q, and “Zero"), when taken in pairs, provide 
any one of ten source operands for the ALU — AB, AD, 
AQ, AO, BD, BQ, BO, DQ, DO, and QO. When the A and 
B address fields for RAM are identical, it is clear that 
certain combinations (AD/BD, AQ/BQ, and AO/BO) are 
redundant; that is, the identical function is implemented 
for either operand. Only seven of the combinations are 
completely nonredundant. Eight of the ten combina- 
tions (source operands) are Implemented by the 
IDM2901A microprocessor. The ALU source operands 
are selected by three microinstruction inputs — Iq, h, 
and I2. These inputs are defined in figure 2. Each of the 
preceding D and Q operands provides an . essential 
function. The D input (direct-data) is used to load the 
working registers inside the 2901 device; also, this input 
source can be used to modify data files within the ALU. 
The Q-register is an internal 4-bit data source that is 
well suited for a multiply/divide operation; however, for 
some applications, it can be used as a data-holding 
register or as an accumulator. 

The ALU Is a high-speed arithmetic/logic operator that is 
capable of performing three binary arithmetic functions 
and five logic functions. Three microinstruction inputs 
(I3. I4, and I5) are used to select one of the eight 
functions; these inputs, along with their octal codes, are 
defined in figure 3. 


Micro Code 

ALU Source 
Operands 

I2 


lo 

Octal 

Code 

R 

S 

L 

L 

L 

0 

A 

Q 

L 

L 

H 

1 

A 

B 

L 

H 

L 

2 

0 

Q 

L 

H 

H 

3 

0 

B 

H 

L 

L 

4 

0 

A 

H 

L 

H 

5 

D 

A 

H 

H 

L 

i 6 

D 

Q 

H 

H 

H 

7 

1 

D 

0 


Micro Code 

ALU 

Function 

Symbol 

I5 

*4 

»3 

Octal 

Code 

L 

L 

L 

0 

R Plus S 

R +S 

L 

L 

H 

1 

S Minus R 

S - R 

L 

H 

L 

2 

R Minus S 

R -S 

L 

H 

H 

3 

R OR S 

R V S 

H 

L ^ 

L 

4 

RANDS 

R A S 

H 

L 

H 

5 

R AND S 

R A S 

H 

H 

L 

6 , 

R EX-OR S 

R V-S 

H 

H 

H 1 

7 

R EX-NOR S 



Figure 2. ALU Source Operand Control 


Figure 3. ALU Function Control 
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Normally, the look-ahead carry mode is used when 
cascading the ALUs of several microprocessor devices. 
The carry generate (G) and carry propagate (P) outputs 
are suitable for use in a carry-look-ahead generator. A 
carry-out (Cn-f4) is also generated and is available for 
use as the carry flag in a status register or as a ripple- 
carry output. Both carry-in (0^) and carry-out (Cn+4) 
are active-high signals. Three other status-oriented 
outputs are available from the ALU; these are F3, F = 0, 
and overflow (OVR). The F3 output is the most signifi- 
cant (sign) bit of the ALU, and, without enabling the 
TRI-STATE outputs, it can be used to determine 
positive or negative results. When enabled, the logic level 
of F3 is identical to that of sign bit Y3. The F = 0 output 
is used for zero detect; F = 0 is high when, all F outputs 
are low. The F = 0 output is of the open-collector type 
and can be wire ORed between microprocessor slices. 
The overflow (OVR) output is used to flag arithmetic 
operations that exceed the available twos-complement 
number range. When an overflow exists (Cn-f-3 and 
Cn-i-4 are of opposite polarity), the OVR output is high. 

Outputs from the ALU can be stored in the register file 
or the Q register, or can be transmitted to the outside 
world. Eight possible destination codes are defined by 
microinstruction inputs l0, I7, and Is; the various 
destination control codes are shown in figure 4. The 
4-bit data field (Y3-Y0) is a TRI-STATE output that 
can be directly bus organized. The Y outputs are enabled 
by OE; when this control signal is high, the Y-outputs 
are TRI-STATEd. A 2-input multiplexer is also used at 
the Y-output port to select either the A port of RAM 
or the F output of the ALU; this selection is controlled 
by the previously described microinstruction inputs (l0, 
l7»andl8). 

As previously described, the RAM inputs (register file) 
are driven by a 3-input multiplexer. Thus, outputs from 
the ALU can be entered nonshifted, shifted up (towards 
MSB) one position (x 2), or shifted down (towards LSB) 
one position (-^2). The shifter is equipped with two 
ports — RAMq and RAM3; both ports consist of a 

TR I -STATE buffer-driver, each of which supplies one 
input to the foregoing multiplexer. In the shift-up (x2) 
mode, the RAM3 output driver and the RAMq multi- 
plexer input are enabled, whereas in the shift-down (-^2) 
mode, the RAMq output driver and RAM3 multiplexer 

input are enabled; in the no-shift mode, both drivers are 
TRI-STATE and neither multiplexer input is enabled. 

The shifter is controlled by the l0, 17, and Is micro- 
instruction inputs. 

The Q register likewise is driven from a 3-ihput multi- 
plexer and the Q shifter is equipped with two input/ 
output ports — Qq and Q3. Operation of these two ports 
is similar to that of the RAM shifter, and the ports are 
controlled by I0,.l7, and Is* In the shift-up or shift-down 
modes, the Q register is shifted in a specified direction 
with the input/output terminals of the register being an 
input (for a shift-up) or an output (for a shift-down). In 
the no-shift mode, the multiplexer may enter the ALU 
data into the Q register; in this case, input/ou.tput lines 
of the register are TRI-STATE. 

The clock input shown in figure 1 controls the RAM, the 

A and B latches, and the Q register. When the clock 
input is high, the A and B latches are open and data 
from the RAM outputs is allowed to pass through to the 

ALU or "Y" outputs. When the clock input is low, both 
latches are closed and the last data entered is retained. 

When the clock input is low and if the input control 
code (|0, I7, and Is) has enabled a file-write operation, 
new data, as defined by the 4-bit B-address field, is 
written into the RAM file. When enabled, data is clocked ' 
into the Q register on the low-to-high transition of the 
clock pulse. 

Source Operands and ALU Functions 

Any one of eight source operand pairs can be selected 
by instruction inputs Iq, h, and I2 for use by the ALU; 
instruction inputs I3, I4, and I5 then control function 
selection for the ALU — five logic and three arithmetic 
functions. In the arithmetic mode, the carry input (Cp) 
also affects the ALU functions; the carry input has no 
effect on the "F” result in the logic mode. These control 
parameters (l0-lo and Cp) are summarized in figure 5 
to completely define the ALU/source operand functions. 

The ALU functions can also be examined on a task basis: 
that is, add, subtract, AND, OR, and so on. Again, in the 
arithmetic mode, the carry input will affect the result, 
whereas in the logic mode it will not. Figures 6 and 7, 
respectively, define the various logic and arithmetic 
functions of the ALU; both carry states (Cp = 0/Cp= 1) 
are defined in the function matrices. 




Figure 4. ALU Destination Control 





Micro Code 

RAM Function 

Q-Reg. Function 

Y 

RAM Shifter 

Q Shifter 

l8 •? >6 

Octal 

Code 

Shift 

Load 

Shift 

Load 

Output 

RAMq 

RAM3 

Qo 

Q3 

L L L 

0 

X 

None 

None 

F^Q 

F 

X 

X 

X 

X 

L L H 

1 

X 

None 

X 

None 

F 

X 

X 

X 

X 

L H L 

2 

None 

F->B 

X 

None 

A 

X 

X 

X 

BBi 

L H H 

3 

None 

F^B 

X 

None 

F 

X 

X 

X 

BH 

H L L 

4 

Down 

F/2-^B 

Down 

Q/2^Q 

F 

FO 

IN3 

Qo 

1N3 

H L H 

5 

Down 

F/2-^B 

X 

None 

F 

^0 

IN3 

Qo 


H H L 

6 

Up 

2F-^B 

Up 

2Q->Q 

F 

INo 

F3 

INo 

Q3 

H H H 

7 



Up 

2F ^ B 

X 

None 



F 

INo 

F3 

X 

Q3 

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a TR l-STATE output which is in the high-impedance state. 

B = Register Addressed by B inputs. 

Up is toward MSB, Down is toward LSB. 
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Figure 5. Source Operand and ALU Function Matrix 


1 2, 1,0 Octal 

0 

1 

2 

3 

4 

5 

6 

7 

\ ALU 

Source 

A, Q 

A. B 

0, Q 

O, B 

0, A 

D. A 

D, Q 

D, 0 

ALu\v 

Function 




1 





Cn = L 

R Plus S 

A + Q 

A + B 

Q 

B 

A 

D + A 

D + Q 

D 

X 

II 

c 

o 

A + Q+ 1 

A + B + 1 

Q+ 1 

B + 1 

A+ 1 

D + A + 1 

D + Q+ 1 

D + 1 

Cn=L 

S Minus R 

Q- A - 1 

B - A - 1 

Q- 1 

B - 1 

A- 1 

1 1 

A-D - 1 

Q-D- 1 

- D - 

Cn=H 

< 

1 

a 

B - A 

Q 

t B 

A 

A - D 

Q- D 

- D 

Cn=L 

R Minus S 

A-Q- 1 

A - B - 1 

-Q- 1 

-B - 1 

-A- 1 

D - A - 1 

D -Q- 1 

D - 1 

Cn = H 

A-Q 

A - B 

-Q 

- B 

-A 

D- A 

D - Q 

D 

R OR S 

A V Q 

A V B 

Q 

B 

A 

D V A 

D V Q 

D 

R AND S 

A AQ 

A AB 

0 

0 

0 

1 

D A A 

D AQ 

0 

^ANDS 

A AQ 

A A B 

Q 

B 

A 

DA A 

D A Q 

0 

R EX-OR S 

A VQ 

A V-B 

Q 

B 

A 

DV^A 

D VQ 

D 










R EX-NOR S 

A VQ 

AVB 

Q 

B 

A 

d"^ 

D VQ 

D 


+ = Plus:-= Minus;V = OR, A = AND;V-= EX-OR. 


Figure 6. ALU Logic Mode Functions (Cp Irrelevant) 

Octal ^ _ 

. Group Function 

' 5 , 4 , 3 /' 2 , 1,0 


Figure 7. ALU Arithmetic Mode Functions 


Octal 

•5.4,V2,1,0 


I Cp = 0 (Low) 

Cp = 1 (High) 1 

Group 

Function 

Group 

Function 


A + Q 


A + Q+ 1 

ADD 

A + B 

ADD plus 

A + B + 1 

D + A 

one 

D + A + 1 


D + Q 


D + Q + 1 


Q 


Q+ 1 

PASS 

B 

A 

Increment 

B + 1 

A + 1 


D 


D + 1 


Q- 1 


Q 

Decrement 

B - 1 

A - 1 

PASS 

B 

A 


D - 1 


D 


' - Q - 1 


- Q 

1s Comp 

- B - 1 
-A-1 

2s Comp 
(Negate) 



- D - 1 


- D 


Q-A-1 


Q - A 


B - A - 1 


B - A 


A-D-1 


A-D 

Subtract 

Q - D - 1 

Subtract 

Q-D 

(Is Comp) 

A - Q - 1 

(2s Comp) 

A-Q 


A - B - 1 


A - B 


D - A - 1 


D - A 


D -Q- 1 


D-Q 
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Pinout Descriptions of I DM2901 

Pin functions for the I DM2901 4-bit slice microproces- 
sor are as follows: 


A3-A0 4-bit address field used to select one of the 
file registers whose contents are displayed 
through the A port of RAM. 

B3-B0 4-bit address field used to select one of the 
file registers whose contents are displayed 
through the B port of RAM. When the clock 
is low, new data can be written into the 
selected B-port register. 

Is-Iq Nine instruction-control lines — \{yl\'\l \2 
determine data sources of ALU, I3/I4/I5 
select ALU function, and \Qf\f/\Q select 
data inputs for the Q register or the register 
file. 


Q3/RAM3 Serves as shift data input/output lines for 
the most significant bit (MSB) of Q register 
(Q3) and the register stack (RAM3). These 
lines are TR I -STATE outputs that connect 
to TTL inputs within the IDM2901 device. 
When the destination code, as defined by 
I6/I7/I8/ indicates an up-shift (octal 6 or 7), 
the TRI-STATE outputs are enabled; accor- 
dingly, the MSB of the Q register is available 
on the Q3 pin and the MSB of the ALU 
output is available on the RAM3 pin. Other- 
wise, these output lines are TRI-STATE or 
serve as LS-TTL inputs. When a down-shift 
is indicated by the destination code, the Q3 
and RAM3 pins are used as data inputs to 
the MSB of the Q register or RAM. 

Qq/RAMo These shift lines are similar to Q3 and RAM3, 
except they operate on the least significant 
bit (LSB) of the Q register and RAM. To 
transfer data for up- and down-shifts of the 
Q register and the ALU, the Qq and RAA/Iq 
pins are connected, respectively, to the next 
less-significant device (Qp and RAM^) in 
the cascaded chain. 


D3-D0 A 4-bit data field that can be selected as a 
source of external data for ALU — Dq is the 
least significant bit. 

'^S'Yq 4-bit output data of IDM2901. These lines 
are TRI-STATE; when enabled, they provide 
either the ALU output or data from the A 
port of the register file — the selected source 
is determined by the destination code, as 
defined by 10, l7, and Is- 


UE When the Output Enable (OE) signal is high, 

the Y outputs are inactive; when the signal 
is active-low, the active high or low outputs 
are enabled. 

P/G Carry generate and propagate outputs — see 

figure 8 for logic equations. 

OVR The overflow flag corresponds to the 
exclusive-OR of the carry-in and carry-out of 
the MSB of the ALU. When set high, it 
indicates that the result of an arithmetic 
twos-complement operation has overflowed 
into the sign bit — see figure 8 for the logic 
equation. 

F = 0 An open-collector output that goes high if 
all data lines (F3-F0) are low, that is, the 
result of an ALU operation is zero. 

Cn Carry-in to ALU. 

Cn+4 Carry-out of ALU — see figure 8 for logic 
equations. 

CP Clock input. Outputs of Q register and file 

are clocked on low-to-high transition; the 
low interval of the clock input corresponds 
to the "write enable" period of the 16-by-4 
RAM, that is, the "master" latches of the 
register file. When the clock is low, the 
output latches store the data previously held 
at the RAM outputs; thus, synchronous 
master-slave operation of the register file is 
permitted. 

F3 Most significant (sign) bit output of the 

ALU. 


Logic Functions for G, P, Cn+4, 
and OVR 

When the I DM2901 is in the add or the subtract mode, 
four signals (G, P, Cn+4, and OVR) are available to 
indicate carry and overflow conditions. Based on the 
eight ALU functions, logic equations for these signal 
are shown in figure 8. (Note: The "R" and "S" inputs 
are selected according to figure 2.) 

Definitions (+ = OR): 

PO'^Ro + Sq Gq = RqSo 

Pi = Rl + $1 Gi = R1S1 

P2=R2 + S2 G2 = R2S2 

P3 = R3-i-S3 G3=R3S3 

C4 = G3 + P3G2 + P3P2G1 + P3P2P1G0 + P3P2PlPoCn 

C3 = G2 + P2G1 + P2P1G0 + P2PlPoCn 


' 5 , 4.3 

Function 

P 

G 

1 

Gn+4 

OVR 

0 

R +S 

P3P2P1P0 

G3 + P3G2 + P3P2G1 + P3P2P1G0 

C4 

C3VC4 

1 

S-R 

Same as R + S equations, but substitute R, for Rj in definitions. 

2 

R -S 

Same as R + S equations, but substitute Sj for Sj in definitions. 

3 

R V S 

LOW 

P3P2P1P0 

P3P2PlP0 + Cn 

P3P2P1P0 + Cn 

4 

R A S 

LOW 

G3 G2 + Gi + Gq 

G3 + G2 + Gi + Go + Cn 

G3 + G2 + Gi + Gq + Cn 

5 

R A S 

LOW 

Same.as R A S equations, but substitute Rj for Rj in definitions. 

6 

RVS 

I Same as R •V'S equations, but substitute Rj for Rj in definitions. 

7 

RV-S 

G3 + G2 + G^j + Gq 

G3 + P3G2 + P3P2G1 + P3P2P1 Gq 

See Note 1 

See Note 2 


Note 1: G3 + P3G2 + P3P2G1 + P3P2PlPoiGo Nof® 2: [P2 + 02^1 02^1^0 G2®1^0Cnl ■V'tP3 + ^3^2 G3G2P1 + G3G2G1P0 + G3G2GiGoCnl 


Figure 8. Logic Equations for Flag Outputs 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
I DM2901 A 

When operated in a system, the timing requirements for 
the IDM2901 are defined in tables 1, 2, and 3. Table 1 
provides clock characteristics of the ID(\/I2901, table 2 
gives the combinational delay times from input to 
output, and table 3 specifies setup and hold times. If 
used according to the specified delay and setup times, 
the device is guaranteed to function properly over the 
entire operating range. Table 3 defines the time prior to 
the end of the cycle (low-to-high transition of clock 
pulse) that each input must be stable to guarantee that 
the correct data is written into one of the internal 
registers. 


Table 1. Cycle Time and Clock Characteristics 


Time 

IDM2901A 

JC,NC 

JM, JM/8’83 

Read-Modify-Write Cycle 
(time from selection of 

A,B registers to end of 
cycle) 

60 ns 

75 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

16MHz 

16MHz 

Minimum Clock Low Time 

30 ns 

30 ns 

Minimum Clock High Time 

30 ns 

30 ns 

Minimum Clock Period 

60 ns 

75 ns 


Table 2. Maximum Combinational Propagation Delays 
(all in ns; Cl < 50 pF) 



Commercial 

IDIVI2901 A JC, NC (0°C to +70°C; 5V ± 5%) 

Military 

IDM2901A JM, JM/883 (-55°C to +125°C; 5V ± 10%) 

To Output 

From Input 

Y 

F3 

Cn+4 

G/P 

Rl = 
470 

OVR 

1 Shift Outputs 

Y 

F3 

Gn+4 

1 

G/P 

F = 0 
Rl = 
470 

OVR 

Shift Outputs 

RAMq 

RAM 3 

Qo : 
Q3 

RAMq 

RAM 3 

□o 

Q 3 

A, B 

65 

65 

65 

60 

70 

65 

70 

- 

80 

80 

80 

65 

85 

80 

80 

- 

1 

D (arithmetic mode) 


40 

40 


55 

45 

50 

- 

45 

45 

45 

40 

65 

55 

60 

- 

D (1 = X37) 

40 

40 

- 


55 

- 

50 

- 

45 1 

45 

- 

“ ■! 

60 

- 

60 

- 

Cn 

30 

30 

20 


40 

30 

35 

- 

35 

35 

- 


50 

35 

45 

- 

' 2 , 1,0 1 

55 

50 

50 

45 

60 

50 

60 

- 

60 

60 

55 

50 

75 

60 



'5,4,3 

50 

50 

50 

45 

55 

50 

50 

- 

60 

60 

60 

55 

70 

60 

60 


'8,7,6 

30 

- 

- 

- 

- 

- 

30 

30 

35 1 

- 

- 

- 

- 

- 

35 

35 

OE Enable/Disable 

30/25 

- 

- 

- 

- 

- 

- 

- 

40/25 

- 

- 

- 

- 

- 

- 

- 

A Bypassing ALU (1 = 2xx) 

40 

- 

- 

- 

- 

- 

- 

- 

50 

- 

- 

- 

- . 

- 

- 

- 

Clock S (Note 6 ) 

60 

60 

60 


60 

55 

60 

30 

65 

65 

65 

55 

75 

70 

75 

35 


Table 3. Maximum Setup and Hold Times (all in ns) — Note 1 



Commercial 1 DM2901 A JC, NC 
(0"Cto +70°C.5V± 5%) 

Military 1 DM2901 A JM, JM/883 
(-55° C to +125°C, 5V ± 10%) 

. From Input 

Notes 

Setup Time 

Hold Time 

Setup Time 

Hold Time 

A, B Source 

2.3,4, 5 

60. tpyyL + 20 

0 

75, tp^L + 25 

0 

B Destination 

2.4 

tpwL+15 

0 

tpwL 15 

0 

D (arithmetic mode) 


40 

0 

50 

0 

D (1 = X37) 

5 

40 

0 

50 

0 

Cn 


35 

0 

40 

0 

'2,1,0 


45 

0 

55 

0 

'5,4,3 


45 

0 

55 

0 

'8,7,6 

4 

tpvvL 1 5 

0 

tpyyL + 15 

0 

RAMo,3/Qo,3 


20 

0 

25 

0 


Note 1 ; See figures 9 and 10. 

Note 2: If the B address is used as a source operand, allow for the "A, B Source" setup time; if it is used only for the destination 
address, use the "B Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4: "tp^yL” is the clock low time. 

Note 5; DVO is the fastest way to load the RAM from the D inputs. This function is obtained with I = X37. 

Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
IDM2901A-1 

When operated in a system, the timing requirements for the 
IDM2901A-1 are defined in tables 1, 2 , and 3. Table 1 
provides clock characteristics of the I DM2901 A-1, table 2 
gives the combinational delay times from input to output, 
and table 3 specifies setup and hold times. If used according 
to the specified delay and setup times, the device is guaran- 
teed to function properly over the entire operating range. 
Table 3 defines the time prior to the end of the cycle (low- 
to-hlgh transition of clock pulse) that each input must be 
stable to guarantee that the correct data is written into one 
of the internal registers. 


Table 1. Cycle Time and Clock Characteristics 


Time 

IDM2901A-1 

JC,NC 

JM,JM/883 

Read-Modify-Write Cycle 
(time from selection of 

A, B registers to end of 
cycle) 

60 ns 

75 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

I 6 MH 2 

16MHz 

Minimum Clock Low Time 

30 ns 

30 ns 

Minimum Clock High Time 

30 ns 

30 ns 

Minimum Clock Period 

60 ns 

75 ns 


Table 2. Maximum Combinational Propagation Delays 
(all in ns; Cl < 50 pF) 



Commercial 

IDM2901A-1 JC. NC (0°C to +70“C; 5V ± 5%) 

Military 

IPM2901A-1 JM, JIVI/883 |-55°C to +125°C; 5V ± 10%) 

To Output 

From Input 

Y 

F3 

Cn+4 

G/P 

F-=0 
Rl = 
470 

OVR 

Shift Outputs 

Y 

P3 

^n+4 

G/P 

F»0 
Rl = 
470 

OVR 

Shift Outputs 

RAMq 

RAM3 

QO 

O3 

RAMq 

RAM3 

Qo 

Q3 

A.B 

50 

50 

50 

45 

55 

60 

55 

- 

60 

60 

60 

60 

65 

75 

65 

- 

D (arithmetic mode) 

32 

32 

32 

30 

32 

40 

35 

- 

40 

40 

40 

40 

40 

50 

45 

- 

D II = X37) 

32 

32 

- 

- 

32 

- 

35 

- 

40 

40 

- 

- 

40 

- 

45 

- 

Cn 

25 

22 

16 

- 

30 

25 

35 

- 

32 

30 

20 

- 

40 

35 

45 

- 

•2,1 ,0 

40 

35 

35 

30 

40 

45 

45 

- 

50 

45 

45 

40 

50 

55 

55 

- 

'5.4,3 

35 

35 

35 

32 

40 

45 

45. 

t 

- 

45 

45 

45 

40 

50 

55 

55 

- 

'8.7.6 

25 

- 

- 

- 

- 

- 

30 

30 

35 

- 

- 

- 

- 

- 

35 

35 

^ Enable/Oisable 

20/20 

- 

- 

- 

- 

- 

- 

- 

25/25 

- 

- 

- 


- 

- 

- 

A Bypassing ALU (1 = 2xx) 

40 


- 

- 

- 

- 

- 

- 

50 

- 

- 

- 

- 

- 

- 

- 

Clock J" (Note 6) 

50 

45 

45 

40 

50 

55 

55 

30 

60 

55 

55 

50 

60 

65 

65 

35 


Table 3. Maximum Setup and Hold Times (all in ns) — Note 1 



Commercial IDM2901A-1 JC, NC 
(0*0 to +70‘’C, 5V ± 5%) 

Military IDM2901A-1 JM, JM/883 
(-BS^C to +125®C, 5V ± 10%) 

From Input 

Notes 

Setup Time 

Hold Time 

Setup Time 

Hold Time 

A. B Source 

2, 3, 4. 5 

60, tpvy,L -1- 20 

0 

75, tp^L 25 

0 

B Destination 

2.4 

tpwL+ 15 

0 

tpwl- 1 5 

0 

D (arithmetic mode) 


40 

0 

50 

0 

D (1 = X37) 

5 

40 

0 

50 

0 

Cn 


35 

0 

40 

0 

'2.1.0 


45 

0 

55 

0 

'5.4,3 


45 

0 

55 

0 

'8,7,6 

4 

tpvyL ■•■15 

0 

Ipwb "^15 

0 

RAMo,3/Qo,3 


15/10 

0 

25/15 

0 


Note 1 : See figures 9 and 10. 

Note 2: If the B address is used as a source operand, allow for the "A, B Source" setup time; if it is used only for the destination 
address, use the "B Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4: . "tpyyL" is the clock low time. 

Note 5: DVO is the fastest way to load the RAM from the D inputs. This function is obtained with I = X37. 

Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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TABLE 1. Cycle Tima and Clock Characteristics 


TABLE 2. Maximum Combinational Propagation Delays {all in ns; C|_ 50pF) 



Commercial 

IDM2901A-2 JC, NC (0°C to -i-70°C; 5V ± 5%) 

Military 

IDM2901A-2 JM, JM/883 (-55°C to +125°C; 5V ± 10%) 

to Output 

from Input 

Y 

F3 

Cn-H4 

G/P 

F = 0 

Rl = 

470 

OVR 

Shift Outputs 

Y 

1=3 

^n-»-4 

G/P 

F = 0 
Rl = 
470 

OVR 

Shift Outputs 

RAMo 

RAM3 

Qo 

Q3 

RAMo 

RAM3 

D D 
CO 0 

A, B 

44 

44 

44 

35 

44 

45 

40 

- 

55 

50 

50 

45 

55 

55 

50 

- 

D (arithmetic mode) 

28 

28 

28 

25 

31 

34 

30 

- 

37 

37 

37 

34 

40 

40 

37 

- 

D (1 = X37) 

28 

28 



31 

- 

30 

- 

37 

37 

- 

- 

40 

- 

37 

- 

Cn 

25 

22 

16 


25 

25 

25 

- 

30 

25 

19 

- 

33 

30 

30 

- 

'2,1,0 

35 

35 

35 

28 

35 

39 

35 

- 

45 

45 

45 

45 

45 

45 

40 

- 

'5.4.3 

35 

35 

35 

32 

35 

35 

35 

- 

45 

40 

40 

40 

45 

45 

40 

- 

'8,7,6 

25 

- 

- 

- 

- 

- 

30 

30 

30 

~ 1 

- 

- 

- 

- 

35 

35 

OE Enable/Disable 

20/20 

. 

- 


- 

- 

- 


25/25 


- 

- 

- 

- 

- 

- 

A Bypassing ALU (I = 2xx) 

35 


- 


- 

- 

- 

- 

45 

- 

- 

- 

- 

- 

- 

- 

Clock (Note 6) 

40 

40 

40 

40 

40 

45 

45 

28 

50 

45 

45 

40 

55 

50 

50 

30 


TABLE 3. Maximum Setup and Hold Times (ail in ns) — Note 1 



Commercial 1 DM2901 A-2 JC, NC 
{0“Cto -^70‘’C,5V± 5%) 

Military IDM2901 A-2 JM, JM/883 
|-55°C to +125°C, 5V ± 10%) 

Prom input 

Notes 

Setup Time 

Hold Time 

Setup Time 

Hold Time 

A, B Source 

2, 3, 4. 5 

80, tpyyL + 20 

0 

60, tpwL + 20 

0 

B Destination 

2,4 

tpwb 1 5 

0 

tpw'- ^ 8 

0 

D (arithmetic mode) 


35 

0 

40 

0 

D (1 = X37) 

5 

35 

0 

40 

0 

Cn 


26 

0 

30 

0 

'2,1,0 


35 

0 

45 

0 

'5,4,3 


30 

0 

45 

0 

'8,7,6 

4 

tpwb + i 0 

0 

^pw^ ^ 

0 

RAMo^3/QO,3 


12/10 

0 

15/15 

0 


Note 1 : See figures 9 and 10. 

Note 2: If the B address is used as a source operand, allow for the "A, B Source" setup time; if it is used only for the destination 
address, use the "B Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4: "tpy^L" is the clock low time. 

Note 5: DVO is the fastest way to load the RAM from the D inputs. This function is obtained with I = X37. 

Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 


Time 

1DM2901A-2 

JC,NC 

JM, JM/883 

Read-Modify-Write Cycle 
(time from selection of 

A, B registers to end of 
cycle) 

50 ns 

65 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

20 MHz 

16 MHz 

Minimum Clock Low Time 

25 ns 

30 ns 

Minimum Clock High Time 

25 ns 

30 ns 

Minimum Clock Period 

50 ns 

65 ns 


Guaranteed Operating Conditions 
Over Temperature and Voltage for 
I DM2901 A-2 

When operated in a system, the timing requirements for the 
IDM2901A-2 are defined in tables 1, 2, and 3. Table 1 
provides clock characteristics of the '1DM2901A-2, table 2 
gives the combinational delay times from input to output, 
and table 3 specifies setup and hold times. If used according 
to the specified delay and setup times, the device is guaran- 
teed to function properly over the entire operating range. 
Table 3 defines the time prior to the end of the cycle (low- 
to-high transition of clock pulse) that each input must be 
stable to guarantee that the correct data is written into one 
of the internal registers. 
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IDM2901A, IDM2901A-1, IDM2901A-2 






IDM2901A, IDM2901A-1, IDM2901A-2 


Set-Up and Hold Times (mimimum cycles from each input) 


Setup and hold times are defined relative to the low-to* 
high transition of the clock pulse. At all times, inputs 
must be stable from the setup time prior to the clock 
until the hold time after the clock — observe that all 


hold times are "zero." The set-up times allow sufficient 
time to perform the correct operation on the correct 
data so that the correct ALU data can be written into 
the correct register. 



Note: Numbers shown are minimum data-stable times in nanoseconds for commercial product — see table 3 for detailed information. 

Figure 9. Setup Times for Input Parameters of IDM2901 



Notes: 

1 . This delay is the max tp^ of the register containing A, B, D, and I. 

2. 7 ns for look-ahead carry. For ripple carry over 16 bits use 2 x (Cp -* Cn + 4), or 24 ns. 

3. This is the delay associated with the multiplexer between the shift outputs and the shift inputs on the IDM2901 . 

4. Not applicable for logic operations. 

5. Clock rising edge may occur here if add and shift do not occur on same cycle. 

Figure 10. Switching Waveforms for 16-Bit System Assuming A, B, D, and ! are Driven from Registers with the Same Propagation Delay and 
Clocked by the IDM2901. (These are maximum times In nanoseconds using commercial product specifications.) 
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IDM2901A, IDM2901A-1, IDM2901A-2 














IDM2901A, IDM2901A-1, IDM2901A-2 


Connection Diagram 


DIP (TopViwwl 



Ordering information 


Package Package Temperature 

Type Number Range 


Order 

Number 


Molded DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 


N40A 0°Cto+70°C 1DM2901 ANC/IDM2901 A-1NC/IDM2901 A-2NC 

D40C 0°C to +70°C 1DM2901 AJC/IDM2901 A-1JC/IDM2901 A-2JC 

D40C -55°C to +125°C IDM2901 AJM/IDM29Q1 A-1JM/IDI\/12901 A-2JM 

D40C -55°C to +125°C IDM2901 AJM/883/IDM2901 A-1JM/883/IDM2901 A-2JM/883 
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National 

Semiconductor 


2900 Family/ 
Bipolar Microprocessor 


IDM2902 Look-Ahead Carry Generator 


General Description 

This circuit is a high-speed, look-ahead carry generator, 
capable of anticipating a carry across four binary adders 
or groups of adders. It is cascadable to perform full 
look-ahead across n-bit adders. Carry, generate-carry, 
and propagate-carry functions are provided as shown in 
the pin designation table. 

When used in conjunction with the IDI\/12901A arith- 
metic logic units, this generator provides high-speed 
carry look-ahead capability for any word length. The 
I DM2902 generates the look-ahead (anticipated carry) 
across a group of four ALUs and, in addition, other 
carry look-ahead circuits may be employed to anticipate 
carry across sections of four look-ahead packages up to 
n bits. The method of cascading circuits to perform 
multi-level look-ahead is illustrated under typical 
application data. 

Carry input and output of the ALUs are in their true 
form, and the carry propagate (P) and carry generate (G) 
are in negated form; therefore, the carry functions 
(inputs, outputs, generate, and propagate) of the look- 


ahead generators are implemented in the compatible 
forms for direct connection to the ALU. Reinterpreta- 
tions of carry functions, as explained on the IDM2901A 
data sheet, are also applicable to and compatible with 
the look-ahead generator. Positive logic equations for the 
2902 parts are: 

^n+x “ ^0 Po^n 

Cn-^y = Gf + Pi Go + Pf PoGn 

Cn+z = G2 + P2 Gi + P 2P1 Gq + P 2P1 PoGn 

G = G3(P3 + G2) (P3 + P2 + Gi) (P3 + P2 + Pi + Go) 

P=P3P2PiPo 

Features and Benefits 

Typical 

Propagation Typical Power 
Type Delay Time Dissipation 

I DM2902 7 ns 260 mW 


Logic and Connection Diagram 



Connection Diagram 

IftIPUTS OUTPUTS 



Pin Designations 


Designation 

’ Pin Nos. 

Function 

Gq, G], G 2 , G 3 

3, 1. 14, 5 

Active Low 

Carry Generate Inputs 

P0.Pl.P2.P3 

4. 2, 15. 6 

Active Low 

Carry Propagate Inputs 

Cn 

13 

Carry Input 

t-n+x. ^n-Py. 

Cn+z 

12, 11, 9 

Carry Outputs 

G 

10 

Active Low 

Carry Generate Output 

P 

• j 

7 

Active Low 

Carry Propagate Output 

Vcc 

16 

Supply Voltage 

GND 

8 

Ground 
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IDM2902 



I DM2902 


Absolute Maximum Ratings Operating Range 

Storage Temperature -65°C to +150°C Ambient 

Temperature (Ambient) Under Bias -55°C to +125°C P/N Temperature Vcc 

Supply Voltage to Ground Potential -0.5Vto+6.3V IDM2902JC, NC 0°C to +70°C 4.75V to 5.25V 

DC Voltage Applied to Outputs for ,IDM2902JM, JM/883 . -55°C to +125°C 4.50V to 5.50V 

High Output State -0.5V to +Vcc ftiax 

DC Input Voltage -0.5Vto+5.5V 

DC Output Current, Into Outputs 30 mA 

DC Input Current -30 mA to +5.0 mA 

Electrical Characteristics Over Operating Temperature Range (unless otherwise noted) 

Commercial Ta = 0°C to +70°C Vcc = 5.0V ±5% MIN = 4.75 V MAX = 5.25 V 

Military Ta = -55°C to +125°C Vcc = 5.0V±10% MIN = 4.50V MAX = 5.50 V 

Parameter 

Description 

. 

Test Conditions (Note 1) 

Min. 

Typ. 

(Note 2) 

Max. 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN, IOH = -0.8mA 

V|N = V|H or V|L 

2.7 

3.4 


V 

VoL 

Output LOW Voltage 

Vcc = MIN, Iql = 16mA 

V|N = ViHorViL 



0.5 

V 

V|H 

Input HIGH Level 

Guaranteed Input logical HIGH 
voltage for all inputs 

2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc= min, l|N = -12mA 



-1.5 

V 

l|L 

. (Note 3) 

Input LOW Current 

Vcc = max, V|N = 0.5V 

On 



-2 

mA 

P3 



-4 

P2 - 



-6 

Pq, P 1 .G 3 



-8.0 

Go, G 2 



-14 

Gl 



-16 

l|H 

(Note 3) 

Input HIGH Current 

Vcc = max, V||M = 2.7V 

On 



50 

HA 

P 3 



100 

P2 



150 

Pq, Pi,G3 



200 

Gq, G 2 



350 

Gl 



400 

l| 

Input HIGH Current 

Vcc = max, V|N = 5.5V 




1.0 

mA 

isc 

Output Short Circuit (Note 4) 

Vcc - max, VquT = o.ov 


-40 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max 

All Outputs LOW 

MIL 


62 

99 

mA 

COM'L 


58 

94 

Vcc = max 

All Outputs HIGH 

MIL 


37 


mA 

COM'L 


35 


Notes: 

1 . For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqc " 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current times Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Switching Characteristics vcc = 5.ov,ta = 25°c,cl= ibpf, RL = 40on 


Parameter 

From (Input) 

To (Output) 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Cn 

Gn+j 

P0 = Pi = P2 = 0V 

Go = Gi = G 2 = 4.5V 


9.0 

12 

ns 

tPHL 


9.0 

12 

tPLH 

Pi ' 

Gp-fj 

Pi = 0V (j>i) 

Cn = Go = Gi =G2 = 4.5V 


6.0 

8.0 

ns 

tPHL 


6.0 

8.0 

tpLH 

Gi 

Gp-fj 

Gi = OV(j>i) 

Gn = Po=Pl = P2 = 4.5V 


7.0 

10 

ns 

tPHL 


7.0 

10 

tPLH 

Pi 

G orP 

Pi = OV (j > i) 

Cp = Go = Gi =G2 = 4.5V 


6.0 

10 

ns 

tPHL 


6.0 

10 

tPLH 

Gi 

G or P 

Gj = 0V (j>i) 

Gn = Po=Pl = P2 = 4.5V 


7.0 

10 

ns 

tpHL 


7.0 

10 


Typical Application 


64-Bit ALU with Full Look-Ahead Carry in Three Levels 

IDM2901A 



ARE NOT SHOWN. 


Ordering Information 


Package 

Package 

Temperature 

Order 

Type 

Number 

Range 

Number 

Molded DIP 

N16A 

0°Cto +70°C 

IDM2902NC/DM74S182N 

Hermetic DIP 

J16A (D16C) 

0°C to +70°C 

IDM2902JC/DM74S182J 

Hermetic DIP 

J16A (D16C) 

-55°Cto +125''C 

IDM2902JM/DM54S182J 

Hermetic DIP 

J16A (D16C) 

-55°C to +125°C 

1 DM2902JM/883/DM54S1 82J/883 
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IDI\/I2902 




iDM2909A/11A 



National 

Semiconductor 


IDM2909A/11A 
Microprogram Sequencer 


General Description 

The IDM2909A is a 4-bit wide address controller that is 
used to sequence through a series of microinstructions 
contained in ROM or PROM. Two devices can be inter- 
connected to generate an 8-bit address (256 words), 
three devices for a 12-bit address (4k words), and so on. 
For a given device, the 4-bit address field can originate 
from any one of four sources. These are: (1) direct "D" 
inputs from an external source, (2) external data from 
an internal register "R," (3) a push/pop stack that is 
4 words deep, and (4) a program counter, which usually 
contains the last address incremented by "1." Control 
of the push/pop stack is such that the stack can 
efficiently execute nested subroutine linkages. Moreover, 
each of the four TRI-STATE outputs can be ORed with 
an external input to implement conditional skips or 
branch instructions; a separate line is used to force the 
outputs to an "all-zero" state. As shown in the block 
diagram, the IDM2911A is identical to the IDM2909A, 
except the four OR inputs are removed and the "D" 
and "R" inputs are connected. The IDM2909A is housed 
in a 28-pin dual-in-line package, whereas the IDM2911A 
is a 20-pin device. 


Simplified Block Diagram 


|^(IDM2909 0N11^ 





Vo Yt Y 2 Y3 


2900 Family/ 
Bipolar Microprocessor 


Features and Benefits 

■ 4-bit cascadable slice — any number of microwords 
can be generated. 

■ Internal address register — provides four address 
sources. 

■ Branch input for N-way branches — where "N" is any 
word in the microcode. 

■ Cascadable 4-bit microprogram counter. 

■ 4x4 file with stack pointer and push/pop control — 
four microsubroutines can be nested. 

■ Zero input for returning to microcode word "zero." 

■ Individual OR input for each bit to branch to higher 
microinstruction (IDM2909A only). 

■ TRI-STATE outputs. 

■ All internal registers change state on Low-to-High 
transition of clock pulse. 


Connection Diagrams 
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Absolute Maximum Ratings 

Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current into Outputs 
DC Input Current 


-65°Cto +150°C 
-55°Cto +125°C 
-0.5V to +7.0V 
-0.5V to +Vcc 

-0.5V to +7.0V 
30 mA 

-30 mA to +5.0 mA 


Operating Range 


P/N 

IDIVI2909ANC, JC 
IDM2911ANC, JC 
IDM2909AJM, JM/883 
IDM2911AJM. JM/883 


Ambient 

Temperature 

0°C to +70°C 
0°C to +70°C 


Vcc 

4.75V to 5.25V 
4.75V to 5.25V 


-55°Cto+125°C 4.50V to 5.50V 
-55°C to +1 25°C 4.50V to 5.50V 


Electrical Characteristics 

Commercial Ta = 0°C to +70°C, Vqq ~ 4.75 V to 5.25 V 
Military Ta = -55°C to +125°C, Vcc = 4.50V to 5.50V 


Parameter 

Description 

Test Conditions (Note 1) 

Min. 

Typ. 
(Note 2) 

Max. 

Units 

VOH 

Output High Voltage 

Vcc = 

V|N = V|HorV|L 

Mil 

IqH = -1.0mA 

2.4 



V 

Com'l 

IqH = -2.6 mA 

2.4 



VOL 

Output Low Voltage 

Vcc = min, 

V|N = V|HorV|L 

Iql = 4.0mA 



0.4 

V 

Iql ~ 8.0 mA 



0.45 

Iql 16 mA (Note 5) 



0.5 

V|H 

Input High Level 

Guaranteed input logical high voltage for all 
inputs 

2.0 



V 

V|L 

Input Low Level 

Guaranteed input logical low voltage for all 
inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc “ min, l|N = -18mA 



-1.5 

V 

l|L 

Input Low Current 

Vcc max, V||\i = 0.4V 



-0.36 

mA 

i|H 

Input High Current 

Vcc ~ max, V||\i = 2.7V 



20 

/lA 

l| 

Input High Current 

Vcc = max, V|isi = 7.0V 



0.1 

mA 

I OS 

Output Short Circuit Current (Note 3) 

Vcc = max 

-40 


-100 

mA 

Icc 

Power Supply Current 

Vcc ” max (Note 4) 


80 

130 

mA 

lOZL 

Output Off Current 

Vcc = max, 

OE = 2.7V 

VoUT=0.4V 



-20 

ma 

lOZH 

VouT=2.7V 



20 


Notes: 

1 . For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vqq ~ 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Apply GND to Cp, Ro» Rf » R2' ^^3' 0*^0' 0^1 « OR2' 0^3* Dq, D-], D 2, and D3. Other inputs open. All outputs open. Measured after a 
LOW-to-HIGH clock transition. 

5. The 16 mA guarantee applies only to Yq, Y 1 , Y2, and Y3. 
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IDM2909A/11A 




IDM2909A/11A 


Standard Screening (conforms to mil-std-sss for ciass c Parts) 


Step 

MIL-STD-883 

Method 

Conditions 

Level 1 

IDM2909A/2911A NC, JC 

IDM29p9A/2911A JM 

Pre-Seal Visual Inspection 

2010 

B 

100% 

100% 

Stabilization Bake 

1008 

C 24-hour, 150°C 

100% 

100% 

Temperature Cycle 

1010 

C -65°Cto+150°C 

100% 

100% 



10 cycles 



Centrifuge 

2001 

B 1 0,000 G 

100%* 

100% 

Fine Leak 

1014 

A 5 X 1 0'® atm-cc/cm® 

100%* 

100% 

Gross Leak 

1014 

C Fluorocarbon 

100%* 

100% 

Electrical Test 

5004 

See below for 

100% 

100% 

Subgroups 1, 7, and 9 


definitions of subgroups 



Insert Additional Screening here for Class B Parts 

Group A Sample Tests 

5005 

See below for 



Subgroup 1 


definitions of subgroups 

LTPD = 5 

LTPD = 5 

Subgroup 2 



LTPD = 7 

LTPD = 7 

Subgroup 3 



LTPD = 7 

LTPD = 7 

Subgroup 7 



LTPD = 7 

LTPD = 5 

Subgroup 8 



LTPD = 7 

LTPD = 7 

Subgroup 9 



LTPD = 7 

LTPD = 5 


*Not applicable to IDM2909ANC or IDM291 1ANC. 


Group A Subgroups 

(as defined in MIL-STD-883, Method 5005) 


Subgroup 

Parameter 

Temperature 

1 

DC 

25°C 

2 

DC 

Maximum Rated Temperature 

3 

DC 

Minimum Ratecj Temperature 

7 

Function 

25°C 

8 

Function 

Maximum and Minimum 

Rated Temperature 

9 

Switching 

25°C 

10 

Switching 

Maximum Rated Temperature 

11 

Switching 

Minimum Rated Temperature 


Additional Screening for Class B Parts 


Step 

MIL-STD-883 

Method 

Conditions 

Level 

IDM2909A/11A JM/883 

Burn-In 

1015 

D 125‘'C 

100% 



160 hours min. 


Electrical Test 

5004 



Subgroup 1 



100% 

Subgroup 2 



100% 

Subgroup 3 



100% 

Subgroup 7 



100% 

Subgroup 9 



100% 

Return to Group A Tests in Standard Screening 
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Switching Characteristics Over Operating Range 

All parameters are guaranteed worst case over the operating voltage and temperature range for the device type. 

IDM2909A/1 1 A JC, NC Ta = 0°C to +70°C Vcc = 4.75 V to 5.25 V 

IDM2909A/1 lA JM, JM/883 Ta = -55°C to +125°C Vcc = 4.5V to 5.5V) 

Table 4. 

Table 1. Minimum Clock Requirements Table 3. Maximum Delays from Clock to Outputs Setup and Hold Time Requirements 


Minimum Clock Low Time 

30 

Minimum Clock High Time 

30 


Table 2. 

Maximum Combinatorial Propagation Delays 


inputs 

Outputs 1 

Yi 

Cn+4 


25 

- 

ZERO 

30 

35 

ORj 

20 

30 

So. Si 

30 

35 

Di 

20 

30 

Cn 

- 

18 


Functional 

Path 

Grade 

Clock 
to Yj 

Clock 
to Cn+4 

Register 
(SiSo= LH) 

C 

40 

45 

M 

50 

55 

/i Program Counter 
(SiSo= LL) 

C 

40 

45 

M 

50 

55 

File 

(SiSo = HL) 

C 

45 

50 

M 

55 ! 

60 


Cl< 50pF 

(except output disable tests) 


External 

Inputs 

^s 

th 

RE 

20 

0 

Ri 

15 

0 

PUSH/POP 

20 

0 


20 

0 

Cn 

15 

0 

Di 

20 

0 

ORj 

20 

0 

So. Si 

30 

0 

ZERO 

30 

0 


" / 

^ tpwH 1 

L- tpwL I 

(TABLE 1) 

k ^ 


(TABLE 1) ^ 

J 

\2;^CL0CK H TO L OCCURS^ 
' ANYTIME HERE 

{ 




(TABLE 4) 1 

(TABLE 4) 


3.0V 

1.3V 

ov 


ALL INPUTS 
(EXCEPT OE) 


Y OUT 
Cn+4 






CLOCK TO Yi OR Cn+4 ' 
(TABLE 3) 


INPUTS TO Y OR Cn+4 
(TABLE 2) 


I 


5 


Figure 1. Switching Waveforms (refer to preceding tables for specific values) 


1.3V 

OV 

VOH 

1.3V 

VOL 


Architecture of 
Microprogram Sequencer 

A 4-input multiplexer selects one of four sources for the 
address of the next microinstruction address; these 
sources are: the address register, the microprogram 
counter, direct inputs, and the memory file. The multi- 
plexer is controlled by the Sq/Si inputs. As shown in 
figure 2, the address register consists of four D-type 
edge-triggered flip-flops with a common clock enable. 
When the REGISTER ENABLE signal is low, new data 
is entered on the low-to-high transition of the clock. 
The "Q" outputs of the address register are available 
at the input of the multiplexer as a source for the next 
microinstruction address. The direct inputs (D0-D3) 
can likewise be selected as an address input to the 
multiplexer. 

Both the IDM2909A and the IDM2911A are bipolar 
microprogram sequencers designed for use in high-speed 


microprocessors, high-performance computer control 
units, and other applications where overlap fetch of the 
microinstruction is required. Each device is cascadable 
in 4-bit increments such that two devices can address up 
to 256 words of microprogram memory, three devices 
up to 4k of memory, and so on. A detailed block 
diagram of the microprogram sequencer is shown in 
figure 2. 

In the IDM291 1 A, the 4-bit direct field is also used as an 
input to the address register, that is, Rq and Dq are 
connected, Ri and D-; are connected, and so on. With 
the "R" and "D" connections made and the OR inputs 
removed, the IDM2911A can perform an N-way branch, 
where "N" is any word in the microcode. 
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IDM2909A/11A 


Test Output Load Configurations for iDM2909A/2911A 


A. Three-State Outputs 


B. Normal Outputs 


Vcc 



Vcc 



s.o-Vbe-Vql 

Iol + Vol/R2 


Note 1: C|_ = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 
Note 2: SI, S2', S3 are closed during function tests and all AC tests except output enable tests. 

Note 3: S1 and S3 are closed while S2 is open for tpzH test. 

SI and S2 are closed while S3 is open for tpzL test. 

Note 4: Cl = 5.0 pF for output disable tests. 

Test Output Loads 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

IDM2909 

IDM2909A 

R1 

R2 

R1 

R2 

18-21 

Yo-3 

A 

300 

Ik 

220 

Ik 

24 

^n + 4 

B 

470 

2.4k 

220 

2.4k 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

iDM2911 

IDM2911A 

R1 

R2 

R1 

R2 

12-15 

Yo-3 

A 

300 

Ik 

220 

Ik 

18 

^n + 4 

B 

470 

2.4k 

220 

2.4k 


Burn-in Circuit for IDM2911A 


Notes: 

Max Ice = 200 mA 
Ta= +125*C 
Resistors = ±5% 

R1 = 3900 
R2 = 5600 
R3 = 1,kO 

f|N = 100 kHz, 50% duty cycle, 0V-3V 
From clock buffer on each board: 
Vcc min = 5.0V 
Vcc max = 5.1V 
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The microprogram counter consists of a 4-bit increm, en- 
ter followed by a 4-bit register. The carry-in (Cp) and 
carry-out (Cn-i- 4 ) features of the incrementer make 
cascading to larger word lengths easy and straightforward. 
The microprogram counter can be used in either of two 
ways. When the least significant bit of Cn is high, the 
microprogram register (/iPC) is loaded on the next clock 
cycle with the current output word (Y 0 -Y 3 ) plus 1, 
that is, Y + 1 -> /iPC; thus, sequential microinstructions 
are executed. When Cp is low, the "Y" outputs are not 
incremented; accordingly, the same microinstruction can 
be repeatedly executed. The last address source available 
at the input of the multiplexer is the 4-bit/4-word stack 
file; when executing subroutines, the file provides return 
address linkage. The 4-by-4 memory matrix contains a 
stack pointer (SP) that always points to the last word 
written in the file; thus, stack reference operations 
(looping) can be performed without a push or pop. The 
stack pointer operates as an up/down counter with 
separate PUSH/POP and FILE ENABLE inputs. When 
the enable signal is low and the other signal is high, the 
"push" operation is enabled. Under these conditions, the 
stack pointer is incremented and the file is written with 
the required return linkage, that is, the next micro- 
instruction address following the subroutine jump that 
initiated the "push." If both input signals (PUSH/POP 
and FILE ENABLE) are low, a "pop" operation is 
implemented. During this clock cycle, the return linkage 
is used to return from the subroutine; the next low-to- 
high transition of the clock pulse decrements the stack 
pointer. 

When the FILE ENABLE signal is high, the stack pointer 
is not incremented or decremented, regardless of whether 
the PUSH/POP signal is high or low. Linkage of the stack 
pointer is such that any combination of pushes, pops, or 
stack references can be implemented; one microinstruc- 
tion subroutine can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be 
nested. The ZERO Input is used to force all four outputs 
(Y 0 -Y 3 ) of the rriultiplexer to the zero (logic 0) state. 
When the zero input is low, all Y-outputs are low, unless 
overridden by the OUTPUT ENABLE (OE) signal. Also, 
each bit of the Y-output word can be ORed at the input 
such that conditional logic can be enforced; this allows 
execution of microinstructions to occur in any program- 
med sequence. 

Definition of 

Terms and Symbols (Figure 2) 

Inputs to IDM2909A/11A: 

Sq/Si Control lines for address-source selection 

FE/PUP Control lines for push/pop stack 
^ Enable signal for internal address register 

ORj Logic OR input for each address output 

line 

ZERO Logic AND input for all output lines 

OE Output Enable; when OE is high, the 

Y-outputs are TRI-STATE (high Imped- 
ance) 

Cn Carry-in to incrementer 

Rj Inputs to the Internal address register 

Dj Direct inputs to the multiplexer 

CP Clock inputs 


Outputs from the IDM2909A/11A: 

Yj Address outputs; address inputs to 

control memory 

Cn +4 Carry-out from the Incrementer 

juPC Contents of the microprogram counter 

REG Contents of the Internal register 

STK0/STK3 Contents of the push/pop stack. By 
definition, the word addressed by the 
stack pointer in the 4-by-4 file is STKO. 
Data is pushed onto the stack at STKO 
and is subsequently pushed to STK1, 
STK2, and finally to STK3. When the 
stack is popped, data is removed in the 
following order: STK3-^STK2-> 
STK1, and then to STKO. When a push 
^ or pop occurs, only the stack pointer 

changes — the data is not physically 
shifted within the stack. 

SP Contents of the stack pointer 

Terms and symbols external to the IDIVI2909A/11A: 


A 

Control memory address 

1(A) 

Instruction in control memory at 
address "A" 

/uWR 

Contents of microword register at 
output of control memory; this register 
contains the instruction currently being 
executed 

Tn 

Period of timing cycle 


Operation of the 
IDM2909A/11A 

Select codes for the multiplexer and the truth tables for 
output control/stack control are shown in figure 3. The 
two bits (Sq/Si) microword register (plus 

additional branching logic) determine the data source for 
the next microinstruction address. The selected data 
source appears on the Y-outputs of the multiplexer. 

A state table for Sq, S'), FE, and PUP is shown in figure 
4; these signals define not only the address specified by 
the Y-outputs, but also the state of all internal registers, 
following the low-to-high transition of the clock pulse. 
In figure 4, it is assumed that the microprogram counter 
initially contains some word "J," word "K" is in the 
address register, and words Ra through R^ are contained 
In the 4-word push/pop stack. 

The sequence for executing a subroutine using the 
IDM2909A is Illustrated in figure 5. For any given clock 
cycle, the instruction being executed is contained in the 
microword register (juWR); the contents of this register 
also directly (or Indirectly) control Sq, S-j, FE, and PUP. 
At the appropriate time, the starting address of the sub- 
routine is applied to the "D" inputs of the sequencer. 
The three left-hand columns of figure 5 show the execu- 
tion sequence of the instructions and the designated 
execution cycles. At address "J+2," the sequence- 
control part of the microinstruction contains the 
command "Jump To Subroutine A." At time t 2 , the 
"J+2" instruction resides in the /iWR and the inputs of 
the sequencer are set up to execute the "jump," and to 
save the return address. Address bits for subroutine "A" 
are taken from the microword register and applied to the 
D-inputs of the multiplexer; the output appears at the 
Y-port of the multiplexer. 
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Address Selection 


Output Control 


Octal 

Si 

So 

Source for Y Outputs 

Symbol 

0 

L 

L 

Microprogram Counter 

/iPC 

1 

L 


Register 

REG 

2 

H 

L 

Push-Pop Stack 

STKO 

3 

H 

H ! 

Direct Inputs 

Di 


ORj 

ZERO 

OE 

Yi 

X 

X 

H 

Z 

X 

L 

L 

L 

H 

H 

L 

H 

L i 

H 

L 

Source selected by SqSi 


Z = High Impedance 


Synchronous Stack Control 


FE 

PUP 

Push-Pop Stack Change 

H 

X 

No change 

L 

H 

Increment stack pointer, then 
push current PC onto STKO 

L 

L 

Pop stack (decrement stack pointer) 


H = High 
L = Low 
X = Don't Care 


Figure 3. Truth Tables for Multiplexer Control Signals 


Cycle 

Si, So, FE, PUP 

juPC 

REG 

STKO 

STKl 

STK2 

STK3 

VOUT 

Comment 

Principal 

Use 

N 

N+1 

0 0 0 0 

J 

J+1 

K 

, K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

J 

Pop Stack 

End Loop 

N 

N+1 

0 0 0 1 

J 

J+1 

K 

K 


Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

J 

Push ^PC 

Set Up 
Loop 

N 

N+1 

0 0 1 X 

J 

J+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

J 

Continue 

Continue 

N 

N+1 

0 10 0 

J 

K+1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

K 

Pop Stack; 

Use AR for Address 

End Loop 

N 

N+1 

0 10 1 

J 

K+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

K 

Push juPC; 

Jump to Address in AR 

JSR AR 

N 

N+1 

0 1 1 X 

J 

K+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

K 

Jump to Address in AR 

JMP AR 

N 

N+1 

10 0 0 

J- 

Ra+1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Ra 

Jump to Address in STKO; 
Pop Stack 

RTS 

N 

N+1 

10 0 1 

J 

Ra+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

Ra 

Jump to Address in STKO; 
Push /uPC 


N 

N+1 

1 0 1 X 

J 

Ra+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Jump to Address in STKO 

Stack Ref 
(Loop) 

N 

N+1 

110 0 

! J 

D+1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

D 

Pop Stack; 

Jump to Address on D 

End Loop 

N 

N+1 

110 1 

J 

D+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

D 

Jump to Address on D; 

Push juPC 

JSR D 

N 

N+1 

1 1 1 X 

J 

D+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

D 

Jump to Address on D 

JMP D 


X = Don't Care, 0 = Low, 1 = High, Assume Cn = High 
Note: STKO is the location addressed by the stack pointer. 


Figure 4. Output and Internal Next-Cycle Register States for IDM2909A/11A 
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Control Memory 


Execute 

Microprogram | 

Cycle 

Address 

Sequencer 

Instruction 


J-1 

- 

to 

J 

- 

tl 

J+1 

- 

t2 

J+2 

JSR A 

t6 

J+3 

_ 

t? 

J+4 

- 

t3 

A 

1(A) 

t4 

A+1 


t5 

A+2 

~ i 

RTS 



Cn - High 


Figure 5. Execution of Subroutine 


Subsequently, the first instruction "I (A)" of the subrou- 
tine is accessed and input to /uWR. On the next low-to- 
high transition of the clock, 1(A) Is loaded intojuWR for 
execution and the return address (J+3) is pushed onto 


the stack. At t 5 , the return instruction is executed. 
Figure 6 shows a similar instruction sequence where one 
subroutine is linked to another — the second subroutine 
consists of only one microinstruction. 


Control Memory 


Execute 

Microprogram j 

Cycle 

Address 

Sequencer 

Instruction 


J-1 

- 

to 

J 

- 

tl 

J+1 

- 

t2 

J+2 

JSR A 

to 

J+3 

- 


~ 

“ 

t3 

A 

- 

t4 

A+1 

- 

t5 

A+2 

JSR B 

t? 

A+3 

- 

t8 ! 

1 

i 

A+4 

RTS 

t6 

B 1 

RTS 


Execute Cycle 

to 

tl 

t2 

t3 

U 

t5 

te 

ty 

t8 

tg 

Clock 

Signals 

"L 

T 

"U 

”L 

”L 

"TJ 

HL 

“U 

"T 

PL 

iDM2909A 

Si. So 

0 

0 

3 

0 

0 

3 

2 

0 

2 

0 

Inputs 

re 

H 

H 

L 

H 

H 

L 

L 

H 

L 

H 

(from 

mWR) 

PUP 

X 

X 

H 

X 

X 

H 

L 

X 

L 

X 

D 

X 

X 

A 

X 

X 

B 

X 

X 

X 

X 

Internal 

UlPC 

J+1 

J+2 

J+3 

A+1 

A+2 

A+3 

B+1 

A+4 

A+5 

J+4 

Registers 

STKO 

- 

- 

- 

J+3 

J+3 

J+3 

A+3 

J+3 

J+3 

_ 


STK1 

- 

- 

- 

- 

- 

- 

J+3 

- 

- 

- 


STK2 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 


STK3 

- 

- 

- 

- 

- 

- 

- 

- 

- 


IDM2909A 

Output 

Y 

J+1 

J+2 

A 

A+1 

A+2 

B 

A+3 

A+4 

J+3 

J+4 

ROM 

Output 1 

(Y) 

l(J+1) 

JSR A 

KA) 

l(A+1) 

JSR B 

RTS 

l(A+3) 

RTS 

l(J+3) 

l(J+4) 

Contents 
ofjuWR i 

(Instruction 
being 
executed) 


KJ) 

l(J+1) 

JSR A 

KA) 

l(A+1) 

JSR B 

RTS 

l(A+3) 

RTS 

KJ+3) 


Figure 6. Two Nested Subroutines 


23-32 




Applications Example 



Figure 7. Typical Use of an IDM2909A as a Microprogram Sequencer in a Computer Control Unit 
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IDM2910A 



National 

Semiconductor 


2900 Family/ 
Bipolar Microprocessor 

PRELIMINARY 


I DM291 OA Microprogram Controller 


General Description 

The IDM2910A Microprogram Controller Is a 12-blt 
wide address controller packaged In a standard 
40-pin dual-in-line package. The IDM2910A features, 
TRI-STATE® outputs and is fabricated using SCL 
(Schottky ECL) technology. The IDM2910A is a micro- 
program memory address controller that controls the 
execution sequence of microinstructions. In addition 
to being able to sequentially access memory, the 
1DM2910A is also able to conditionally branch to any 
microinstruction within the 4096 microinstruction 
range. A five-level last-in, first-out (LIFO) stack 
provides microsubroutine return linkage. An internal 
loop counter is included to provide the repeating 
instructions or perform up to 4096 loop iterations. 

As each microinstruction is executed, the IDM2910A 
selects a 12-bit address from one of four sources: 

1. The Microprogram Address Register which usually 
contains the increment address of the previous 
microinstruction. 

2. The external Direct Input lines. 

3. The Register/Counter which contains an address 
or data loaded during a previous microinstruction. 

4. The LIFO Stack. 


Features and Benefits 

■ Twelve-bit wide address — controls up to 4096 
words of microcode with one device 

■ Internal register/counter — a 12-bit down-counter 
that may be used to count loop iterations 

■ Four address sources — the next microprogram 
address selected from the microprogram address/ 
register data input lines, LIFO stack, or register 
counter 

■ Sixteen powerful microinstructions — executes 
16 sequence control instructions 

■ Output enables for three branch address sources 
— replaces either external decoder or additional 
bit of microcode 

■ Positive-edge triggering for ail internal registers 

■ Fast condition-code control — typically a 19ns 
delay from a condition-code Input to an address 
output 

■ SCL technology — provides ECL speeds while 
maintaining low-power Schottky power consump- 
tion 

■ 100% reliability testing in compliance with MIL- 
STD-883. 


I DM291 OA Block Diagram 



MAP 


Y| 
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Absolute Maximum Ratings 

Storage Temperature -65Xto +150°C 

Temperature (Ambient) Under Bias -55°Cto +125°C 

Supply Voltage to Ground Potential -0.5V to +6.3V 
DC Voltage Applied to Outputs 

for High Output State -0.5V to +Vcc max 

DC Input Voltage -0.5Vto+5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current -30mAto +5.0mA 

Operating Range 

Ambient 

Part Number Temperature Vcc 

IDM2910A JC, NC 0“C to +70°C 4.75V to 5.25V 

IDM2910A JM, JM/883 -55°C to +125°C 4.50V to 5.50V 


Standard Screening (Conforms to MIL-STD-883 for Class C parts) 



MILSTD-883 


Level 

Step 

Method 

Conditions 

DC, NC 

DM 

Pre-Seal Visual Inspection 

2010 

B 

100% 

100% 

Stabilization Bake 

1008 

C: 24-hour 1 50 °C 

100% 

100% 

Temperature Cycle 

1010 

C: -65“Cto -h150°C 

10 cycles 

100% 

100% 

Centrifuge 

2001 

B: 1 0,000 G 

100%* 

100% 

Fine Leak 

1014 

A: 5x 10"®atm-cc/cm3 

100%* 

100% 

Gross Leak 

1014 

C2; Fluorocarbon 

100%* 

100% 

Electrical Test 
Subgroups 1, 7, and 9 

5004 

See below for 
definitions of subgroups 

100% 

100% 


Insert Additional Screening here for Class B parts 


Group A Sample Tests 





Subgroup 1 



LTPD = 5 

LTPD = 5 

Subgroup 2 



LTPD = 7 

LTPD = 7 

Subgroup 3 

5005 

See below for 

LTPD = 7 

LTPD = 7 

Subgroup 7 

definitions of subgroups 

LTPD = 7 

LTPD = 5 

Subgroup 8 



LTPD = 7 

LTPD = 7 

Subgroup 9 



LTPD = 7 

LTPD = 5 


Not applicable to IDM2910ANC. 


Additional Screening for Class B Parts Group A Subgroups 

(as defined in MILSTD-883, method 5005) 


step 

MIL-STD-883 

Method 

Level 

Conditions DM/883 

Burn-In 

1015 

D: 125‘’C, 160 hours min 100% 

Electrical Test 

5004 


Subgroup 1 


100% 

Subgroup 2 


100% 

Subgroup 3 


1 100% 

Subgroup 7 


100% 

Subgroup 9 


100% 

Return to Group A Tests in Standard Screening | 


Subgroup 

Parameter 

Temperature 

1 

DC 

25 “C 

2 

DC 

Maximum rated temperature 

3 

DC 

Minimum rated temperature 

7 

Function 

25-C 

8 j 

Function 

Maximum and minimum rated 
temperature 

9 

Switching 

25“C 

10 

Switching 

Maximum rated temperature 

11 

Switching 

Minimum rated temperature 
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Electrical Characteristics 

The following conditions apply unless otherwise specified: 

Comm'l TA = 0Xto+70X Vcc = 5.0V±5% min = 4.75V max = 5.25V 

Mil Tc= -55"Cto +125"C Vcc = 5.0V±10% min = 4.50V max = 5.50V 


DC Characteristics over Operating Range 


Symbol 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min, loH= -5mA, 
V|N=V|HOrV|L 

2.4 



V 

Vql 

Output LOW Voltage 

Vcc = min, V|N = V|H or Vil, 

Yo -11 loL = 12 mA (Comm’l) 

Yo -11 loL = 12mA (Mil) 

PL, VECT, MAP, full 

loL = 8fTiA 



0.5 

V 

V|H 

Input HIGH Level (Note 4) 

guaranteed input logical 

HIGH voltage for all inputs 

2.0 



V 

V|L 

Input LOW Level (Note 4) 

guaranteed input logical 

LOW voltage for all Inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc = fn«n» 1^= -18mA 



-1.5 

V 

l|L 

Input LOW Current 

Vcc = max, ViN = 0.5V 



-0.36 

mA 

i|H 

Input HIGH Current 

Vcc = max, V,n = 2.7V 



30 

fA 

ll 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

•sc 

Output Short Circuit 
Current (Note 3) 

Vcc = max 

-20 


-85 

mA 

•OZL 

Output OFF Current 

Vcc = max, 2.4 V, 

Vout = 0.5V 



-50 

mA 

•OZH 

Output OFF Current 

Vcc = max,OE = 2.4 V, 

Vout = 2.4V 



50 

mA 

•cc 

Power Supply Current 

Vcc = max Ta = 25'’C 


160 

245 

mA 

1DM2910A DC, NC 

TA = 0*Cto -f-70X 



260 

mA 

Ta=+70‘’C 



220 

mA 

IDM2910A DM, DM/883 

i 

Tc= -55“Cto +125X 



275 

mA 

Tc= +125*0 



185 

mA 


Notes: 

1. For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

2. Typical limits are at Vqc = 5.0V, 25‘’C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should be tested only in a static* and noise-free environment. 
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Figure 1. Switching Waveforms 

Setup (tg) and hold (t^) times for varied inputs are listed in Table A. Combinational input to 
output delays are listed in Table B. Clock requirements are listed in Table C, 

See Figure 3, Switching Waveform Timing, for a typical cycle. 


Switching Characteristics 

(Refer to Figure 1.) 

IDM2910A switching characteristics for the typical, commercial and military operating ranges available are given in 
Tables A, B, and C on this page and the following page. 

Table A contains setup and hold times with respect to the clock low-to-high transition. Table B contains combina- 
tional delays from input to output. Table C contains the clock requirements. 

All measurements are made at 1.5V with input levels atOV or3V. All times are in nanoseconds. 


Typical Room Temperature Characteristics 

(Ta = 25 'C, Voc = 5.0V, Cl = 50 pF) 


A. Setup and Hold Times 


Input 

I. 

th 

Di- R 

11 

6 

D|-* AR 

15 

6 

•o-*3 

35 

6 


22 

6 

CCEN 

21 

6 

Cn 

19 1 

6 

RLD 

21 

6 


B. Combinational Delays 


Input 

Y 

VECT, MAP 

FULL 

Dq'Dii 

14 

- 

- . 

•o'b 

24 

20 

- 

W 

21 

- 

- 

CCEN 

21 

- 

- 

CP 

1 = 8, 9, 15 

28 


- 

CP (Note) 

I = 8, 9. 15 

28 

- 

- 

CP 

All Other I 

24 

- 

28 

OE 

15/15 

- 

- 


Note: If the instruction prior to the clock was 4 or 12 or RLD was 
low. delays are as listed. 


C. Clock Requirements 


Minimum Clock LOW Time 

25 

ns 

Minimum Ciock HiGH Time 

25 

ns 

Minimum Ciock Period, 1 = 8, 9, 15 

50 

ns 

Minimum Ciock Period, 1 = 14 

50 

ns 


Clock periods for other instructions are determined by external 
conditions. 
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Guaranteed Characteristics over 
Commerciai Operating Range 

IDM2910A DC, NC 

(Ta = 0''C to +70*C, Vcc = 4.75V to 5.25V, Ci. = 50pF) 


A. Setup and Hold Times B. Combinational Delays 



Note: If the instruction prior to the ciock was 4 or 12 or RLD was 
low, delays are as listed. 


C. Clock Requirements 


Minimum Clock LOW Time 

30 

ns 

Minimum Clock HIGH Time 

30 

ns 

Minimum Clock Period, 1 = 8, 9, 15 

60 

ns 

Minimum Clock Period, I = 14 

60 

ns 


Ciock periods for other instructions are determined by external 
conditions. 


Guaranteed Characteristics over 
Miiitary Operating Range 

IDM2910A DM, OM/883 

(Ta= -55°Cto +125 °C, Vcc = 4.5Vto 5.5V, Cl = 50pF) 


A. Setup and Hold Times B. Combinational Delays 



Note: If the instruction prior to the clock was 4 or 12 or RLD was 
low, delays are as listed. 


C. Clock Requirements 


Minimum Clock LOW Time 

35 

ns 

Minimum Clock HIGH Time 

35 

ns 

Minimum Clock Period, 1 = 8, 9, 15 

70 

ns 

Minimum Clock Period, 1 = 14 

70 

ns 


Clock periods for other instructions are determined by external 
conditions. 




Y4 




03 

1 • 

40 

□4 

2 


39 

Y3 

Y5 — 

3 


38 

02 

05 

4 


37 

Y2 

VECT 

5 


36 

0i 

PL 

6 


35 

Yi 

MAP 

7 


34 

00 

I 3 — 

8 


33 

Yo 

l2 

9 


32 

Cn 

vcc — 

10 

IDM2910A 

31 

CP 

h 

11 


30 

GNO 

lo — 

12 


29 

W 

CCEN 

13 


28 

Yn 

cc 

14 


27 

Oil 

RLD 

15 


26 

— Y10 

FULL 

16 


25 

Olo 

06 

17 


24 

Yg 

Y6 

18 


23 

O9 

07 

19 


22 

Yb 

Y7 

20 


21 

— Ob 


Figure 2. Pin Connection Diagram 


Table 1. IDM2910A Pinout Descriptions 


Abbreviation 

Name 

Function 

Dj, i = 0 to 11 

Direct Inputs 

12 direct input lines carrying data into the register/counter or a 
jump address to be used by the multiplexer. Dq is LSB. 

ij, i = 0to3 

Instruction Lines 

Four instruction lines. Select one-of-sixteen control instructions 
for the IDM2910A. 

CC 

Condition Code 

The outcome of a test is input through this line into the 

IDM2910A so that it may be used in conditional control 
instructions. A low on CU is interpreted as PASS test. 

CCEN 

Condition Code Enable 

Conditional control based on the ^ input is enabled as long as 

CCEN is low. A high on CCEN overrides the CC input and the 
IDM2910A will operate as if CC were low. 

Cn 

Carry In 

The carry input to the address register incrementer. 

RLD 

Register Load , 

When LOW, will force a load of the register/counter on the next 
rising edge of the clock. Loading will be performed regardless of 
instruction or condition. 

OE 

Output Enable 

The TRI-STATE® control of Yj outputs. 

CP 

Vcc 

GND 

Clock Pulse 

-4-5 Volts 

Ground 

All internal state changes are triggered by the rising edge of the 
clock. 

Yj, i = 0to 11 

Address Outputs 

12 address output Ijnes to be used by the microprogram memory 
in accessing the next microword. Yq is LSB. 

FULL 

Full Stack 

This output will go low one microcycle after the stack becomes 
full. 

pT 

Pipeline Address Enable 

May be used to enable the first of three sources (usually 
pipeline register) onto the branch address bus connected to the 

Dj inputs. 

MAP 

Map Address Enable 

May be used to enable the second of three sources (mapping 

ROM, PROM or RAM) onto the branch address bus connected to 
the Dj inputs. 

VECT 

Vector Address Enable 

May be used to enable the third of three sources (usually 
interrupt starting address) onto the branch address bus 
connected to the Dj inputs. 
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Test Output Load Configurations for I DM291 OA 


A. Three-State Outputs 


Vcc 



B. Normal Outputs 



5.0- Vbe- VqL 

Iol + Vol/R2 


Note 1: Cl = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 

Note 2: SI, S2, S3 are closed during function tests and all AC tests except output enable tests. 

Note 3: SI and S3 are closed while S2 is open for tpzn fesf. 

SI and S2 are closed while S3 is open for tpzL test. 

Note 4: Cl = 5.0 pF for output disabie tests. 


Test Output Loads for IDM2901A 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

R1 

R2 

— 

Vo -11 

A 

300 

Ik 

5 

VECT 

B 

470 

1.5k 

6 

K 

B 

470 

1.5k 

7 


B 

470 

1.5k 

16 

fOll 

B 

470 

1.5k 



The IDM2910A Microinstruction Set 

The IDM2910A executes sixteen control instructions. 
These instructions perform specific functions in 
addition to the selection of the next microcode word to 
be executed. 

Four of the control instructions are unconditional — the 
function performed is specified only by the instruction 
itself. 

Ten of the control instructions are conditional branches 
— based upon the state of an external data-dependent 
test. Since test results may be forced by suitable 
circuitry, it follows that the ten control instructions may 
also be used as unconditionals. 

Three of the instructions allow conditional sequencing 
based upon the contents. of the internal register/counter. 

The IDM2910A instruction control set is shown in 
Table 2. One of the conditional branch control 
instructions is dependent on the external data test and 
the contents of the internal register/counter. 

For the following discussion it is assumed that Cn is 
tied high. 

For the ten conditional control instructions, the results 
of data dependent tests are applied to the condition 
code input, CC. If the input to TO is low, the test is 
considered passed and the action speci fied under 
“PASS” (Table 2) will be taken. If the input to CC is high, 
the test is considered failed and the alternate action is 
taken. In many cases, the alternate action is the 
selecti on of t he sequentially incremented address. By 
setting CCEN high for any specific microinstruction, CC 
testing will be disabled and a “PAS S” will be forced. 
Other suggestions for using CCEN to save one bit of 
microcode are: 


• If there is no data-dependent microcode, CCEN can 
be tied high. 

• If data-dependent con trol in structions are never 
forced unconditionally, CCEN can be tied low. 

• If TOEN Is tied to the source of the IDM2910A 
instruction bit Iq, control instructions 4, 6, and 10 are 
left as data-dependent, and the others are made 
unconditional. 

Several of the IDM2910A inputs may be used to modify 
instruction execution. For 1 0 of the 16 instructions, the 
combi natio n of CC high and CCEN low is used as a test. 
When RLD Is low, the direct inputs are loaded into the 
register/counter overriding any HOLD or DECREMENT 
(DEC) operation specified in the microinstruction. The 
OE Input, normally low, may be driven high to place the 
Y outputs in the TRI-STATE® condition. 

The LIFO stack contains a 5-word, 12-bit file memory 
and a stack pointer which addresses the value presently 
at the top of the stack. Actual control over the stack 
pointer Is possible when using microinstruction 0 
(JUMP ZERO or RESET). This microinstruction clears 
the stack by resetting the stack pointer to zero. The 
contents at the top of the stack will remain undefined 
following execution of microinstruction 0, or whenever 
the stack becomes empty. Any pops performed while 
the stack Is empty will place an undefined address at 
the F Inputs to the multiplexer and the stack pointer will 
remain at zero. 

If five more pushes than pops have occurred since the 
stack was last empt y, the stack will become full. O nce 
the stack is full, the FULL output will go low. FULL will 
go low on the first microcycle following the fifth push. If 
any additional push operations are performed on a full 
stack, the stack becomes overwritten and any previous 
information is lost. 


Table 2. IDM2910A Microinstruction Set 


Reg/Cntr 

Contents 


FAIL 

CCEN = LOW 
and CC = HIGH 


^SS 

CCEN = HIGH 
or CC = LOW 


JUMP ZERO 

COND JSB PL 
JUMP MAP 
COND JUMP PL 
PUSH COND LD CNTR 
COND JSB R/PL 
COND JUMP VECTOR 
COND JUMP R/PL 

REPEAT LOOP, CNTR 0 

REPEAT PL, CNTR 0 
COND RTN 

COND JUMP PL & POP 
LD CNTR & CONTINUE 
TEST END LOOP 
CONTINUE 

THREE-WAY BRANCH 


Note 1: If CCEN = LOW and CC = HIGH, hold; else load. X = Don’t Care 


# 0 

P I 

HOLD 

F 

= 0 

PC j 

POP 

PC 

# 0 

D 

HOLD 

D 

= 0 

PC 

HOLD 

PC 

X 

PC 

HOLD 

F 

X 

PC 

HOLD 

D 

X 

PC 

HOLD 

PC 

X 

F 

HOLD 

PC 

X 

PC j 

HOLD 

PC 

# 0 

F ! 

HOLD 

PC 

= 0 

D 

POP 

PC 

J. X = Don’t Care. 
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I DM291 OA Architecture 

The IDM2910A Bipolar Microprogram Controller is 
intended for use in very high-speed microprocessor 
applications. Up to 4096 microwords may be addressed 
using the IDM2910A. 

A multiplexer within the IDM2910A selects one of four 
inputs as the source of the next microinstruction 
address. The four sources are: 

1. the microprogram address register (^AR) 

2. the register/counter 

3. the direct input lines 

4. the LIFO stack 

1. The Microprogram Address Register contains a 
twelve-bit incrementer followed by a twelve-bit 
register. Two uses for the microprogram address 
register are: 

a. When carry-in (Cp) is high, the current micropro- 
gram address plus one (Yj-j- 1) is loaded into the 
address register on the next positive clock 
transition. Therefore, microprogram words are 
accessed sequentially. 

b. When carry-ln (Cp) is low, the current micropro- 
gram address is passed through the incrementer 
and loaded into the address register on the next 
position clock transition. Thus, the same micro- 
instruction may be repeated as often as Is 
required. 

2. The register/counter contains twelve D-type edge- 
triggered flip-flops with a common clock enable. 
When the register load control (RLD) is low, 
addresses from the direct input bus are loaded into 
the register on the next positive-going clock. Some 
sequence control Instructions include a load 
operation. For most microcomputer systems, these 
instructions will be sufficient, thereby simplifying 
the microcode. 

3. The Direct Input lines are a direct input source which 
may be used for microprogram branching. 

4. The LIFO stack is a 5-word by 12-bit stack used to 
provide return address linkage when executing 
microsubroutines or loops. The stack incorporates a 


5x12 file (RAM) and a stack pointer that always 
points to the last entry into the file. Stack reference 
operations (microprogram looping) may be executed 
without popping the stack. 

The stack pointer is an up/down counter that is incre- 
mented whenever a push operation is performed (micro- 
instructions 1, 4, and 5). Once the pointer Is incremen- 
ted, the return address is written Into the location 
indicated by the stack pointer on the positive-going 
clock following the push. 

The stack pointer is decremented whenever the pop 
operation is performed (microinstructions 8, 10, 11, 13, 
and 15). The stack pointer is decremented on the 
positive-going clock following a pop, effectively 
removing the return address from the top of the stack. 
Stack pointer linkage is such that any combination of 
pushes, pops, or stack references may be performed. 
For control instruction 0 (JUMP ZERO or RESET), the 
stack pointer is reset. For each push operation, the 
microsubroutine nesting depth is increased by one; for 
each pop operation, the depth decreases by one. The 
maximum ne sting depth Is five. Once the stack 
becomes full, FULL goes low and the stack pointer can 
no longer be incremented. Further pushes will write over 
the preceding address at the top of the stack, A pop 
from an empty stack (stack pointer at zero) will place a 
meaningless address on the Y outputs, and the stack 
pointer will remain at zero. A stack pointer at zero 
remains unchanged by any number of additional pops. 

The register/counter operates as a twelve-bit down- 
counter during microinstructions 8, 9, and 15, with 
register contents zero as a branch condition. This 
branch condition provides efficient repetition of micro- 
instructions. The internal arrangement of the register/ 
counter is such that if a number N is loaded into it and 
the register is used as a loop termination counter, the 
sequence* will be executed N -f- 1 times. A three-way 
branch condition is available (control Instruction 15) 
under control of bo th t he register/counter and the 
condition code input (CC). 

The Y output lines are TRI-STATE® allowing the Y 
outputs to be disabled. When disabled (via OE), the 
address lines can be externally driven, allowing auto- 
matic checkout of the microcomputer system. 



Figure 3a. Single-Level Pipeline Based Architecture 

A one-level pipeline provides for better speed than most other architectures. The IDM2910A array and the microprogram memory are 
in parallel speed paths, rather than in series. This architecture is recommended for IDM2910A designs. 
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Figure 3b. Typical Timing Waveform for Single-Level Pipeline Based Architecture 



Figure 4. instruction Based Architecture 

The microinstruction being executed is in the register at the microprogram memory output. The IDM2910A and the microprogram 
memory are in series. Any conditional branches are executed on the same cycle as the ALU operation generating the condition. 



Figure 5. Address Based Architecture 

The address of the microinstruction being executed is in the register at the IDM2910A output. The IDM2910A and the microprogram 
memory are in the critical path. This architecture operates at approximately the same speed as the instruction based architecture, 
but requires fewer register bits because only the address (typically 10 to 12 bits) is stored instead of the instruction (typically 40 to 
60 bits). 
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Figure 6. Data Based Architecture 

The.status register provides for conditional branch control based upon the results of the previous ALU cycle. The IDM2910A and the 
microprogram memory are in the critical path. 



Figure 7. Two-Levei Pipeline Architecture 

The two-level pipeline provides the maximum possible speed, but is more difficult to program because the selection of a 
microinstruction occurs two microinstructions ahead of its execution. 


I DM291 OA Operation 

The results of each instruction in determining the Y 
outputs, a nd the controlling of the three enable signals 
(PL, MAP, VECT) are given in Table 2. Also shown Is the 
effect of the microinstructions on the register/counter 
and the stack after the next positive-going clock. The 
multiplexer determines which of the internai sources 
drive the Y output lines. Depending upon the condition 
of Cp, the address loaded into the microprogram 
address register wiil be identicai to the Y outputs, or will 
be one greater. For each micro instru ctio n, onl y one of 
the three enable outputs (PL, MAP, or VECT) is low. 
These three enable signals may be used to control the 
TRI-STATE® outputs of three external sources of micro- 
program address to allow them to drive the direct input 
bus (Dj) without additional logic. The external sources 
are: 

1. A source of microprogram jumps (usually part of a 
pipeline register). 

2. A PROM which maps machine language to a micro- 
instruction starting location (entry point). 


3. An optional third source of microinstructions (often a 
vector from a DMA or interrupt source). 

The function performed by three of the control instruc- 
tions depends upon the contents of the register/ 
counter. The counter is decremented if it contains a 
non-zero value. If the value In the counter is zero, It Is 
held and a different microprogram next-address is 
selected. These types of instructions are useful for 
executing a microinstruction loop a known number of 
times. The three-way branch control instruction 
(num ber 15) is affected by both the external condition 
code CC and the contents of the register/counter. 

The following paragraphs describe each of the 
IDM2910A control instructions. Included with each of 
the descriptions is an execution flowchart showing 
typical microprogram flow. 

Each of the examples is intended to show a typical 
microprogram flow as various microprogram control 
Instructions are executed. The typical circuit of Figure 3 
is assumed. 

The microprogram addresses in the illustrations were 
chosen arbitrarily and have no significance other than 
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to illustrate microprogram flow, the only exception 
being control Instruction 0, JZ (JUMP ZERO or RESET), 
which always selects the next address to be zero. 

Execution flowcharts should be Interpreted as follows: 

Each dot relates to one microcycle. While this micro- 
cycle is going on the 1DM2910A control Instruction will 
be supplied by the microprogram memory word 
presently in the pipeline register. 

A dot surrounded by a circle refers to the control 
instruction under discussion. Dashed lines refer to 
conditional actions. Solid lines refer to unconditional 
actions or to the outcome of =Test Failed = in condi- 
tional control instructions. 


,STACK TOP 



(STACK TOP=53) 


Dashed arrows refer to conditional branches (address 
changes other than sequent!^ flow), which will be 
selected If the test is passed (CC = LOW). Solid arrows 
refer to unconditional branches or to the outcome of 
=Test Failed= in conditional control instructions. 

Parentheses ( ) should be read “contents of,” e.g., 
(Dj) = contents of Dj. 


Control Instruction 0 

JZ (Jump Zero or Reset) — This control instruction 
clears the stack pointer and specifies unconditionally 
that the next address is zero. This control instruction is 
useful for power-up sequences if the initialization 
routines start at microprogram memory location zero. 



Figures. JUMP ZERO (JZ) 


Control Instruction 1 

CJS (Conditional Jump-to-Subroutine) — This control 
Instruction executes a conditional jump to a subroutine 
located at the address found in the pipeline register. 
Referring to Figure 9, the unconditional microprogram 
flow Is from address 50 through address 52. When the 
contents of address 52 are in the pipeline register, the 
next address control instruction is CJS. If the 
conditional test Is passed, address 53 will be pushed 
onto the stack and the next instruction executed will be 
at address 90. The address pushed onto the stack 
provides a return link once the microsubroutine starting 
at address 90 Is completed. For example, a Return-from 
Subroutine (CRTN, control instruction 10) was executed 
at address 93. If the conditional test fails, the Jump-to- 
Subroutine will not be executed and the contents at 
address 53 will be executed. In this manner, the CJS 
control instruction at address 52 will cause the 
microprogram word at either address 90 or address 53 
to be executed. 


Figure 9. COND JSB PL (CJS) 


Control Instruction 2 

JMAP (Jump-Map) — This Is an unconditional jump 
control instruction. When JMAP is executed, the MAP 
output Is enabled and the next microinstruction 
address is taken from the mapping PROMs. The JMAP 
control instruction Is normally used towards the end of 
an instruction-fetch sequence for the microcomputer. 
At that time the next Instruction to be executed should 
be valid, allowing it to be mapped into the correspond- 
ing entry point. 

For the example shown, the microinstructions at 
addresses 50 through 53 would be the fetch sequence, 
with 53 being the sequence completion. The JMAP 
control instruction would be contained in the pipeline 
register with the mapping PROM generating an address 
90. Address 90 would be selected by the IDM2910A as 
the next address to be presented to microprogram 
memory. 

500 

51 O 

520 

53 # 


Figure 10. JUMP MAP (JMAP) 


o 


90= (Di)^-(MAP) 
91 


Control Instruction 3 

CJP (Conditional Jump Pipeline) — This control instruc- 
tion derives its branch address from the pipeline 
register branch address field (BRq through BRii). See 
the typical microcomputer system. Figure 11. A 
technique is thus provided for branching to various 
microprogram sequences dep ending upon tj^ state of 
the condition code inputs (CCEN and CC). State- 
machines may be designed to execute tests on various 
inputs and to wait for the condition to go true. When the 
condition does go true, the system branches and 
performs a specific function. When the branch occurs, 
the particular input is usually reset until some point In 
the future. With CCEN high, this control instruction is 
the one to use for unconditional jumps. 
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The example illustrates a conditional jump via the 
address value defined by the microprogram" word 
located at address 52. When the contents of address 52 
are in the pipeline register, the next address passed 
through the IDM2910A will bfe either address 53 or 
address 30, depending upon the state of the condition 
code input. If the test passes, the address value in the 
pipeline register (address 30) will be selected by the 
IDM2910A. If the test fails, the next sequential address 
(address 53) contained in the micro address register 
(ptAR) will be selected. 



Figure 11. COND JUMP PL (CJP) 


Control Instruction 4 

PUSH (Unconditional Push/Conditional Load Counter) 

— This control instruction is primarily used to set up 
microprogram loops in the microprogram. As shown in 
Figure 12, when microcode word 52 is in the pipeline 
register, a push operation is performed on the stack and 
depending upon the condition code inputs, the register/ 
counter Is loaded. A push operation causes the next 
sequential address (address 53) to be pushed onto the 
stack. If the condition code test fails, the register/ 
counter is not loaded. If the condition code test passes, 
the register/counter Is loaded with the address value in 
the pipeline register branch address field. In this 
manner, a single control instruction can set up a micro- 
program loop to be executed a specific number of 
times. While setup Is being performed the IDM2910A 
will unconditionally select the next sequential address 
contained in the micro address register to be presented 
to the memory. Control Instruction 8 (RFCT) describes 
the use of the pushed value and the register/counter 
contents for looping. 



Control Instruction 5 

JSRP (Conditional Jump-to-Subroutine) — This control 
instruction is a conditional jump to a subroutine via 
either the contents of the register/counter or the pipe- 
line register. 


As shown in Figure 13, a push operation is always 
performed and one of two microsubroutines Is 
executed. For this example, either the microsubroutine 
at address 80 or the microsubroutine at location 90 will 
be executed. A Return-from-Subroutine (CRTN, control 
instruction 10) at the end of the microsubroutine will 
pop the return address (location 55) from the stack. In 
order for this microinstruction control sequence to 
operate correctly, the next address fields of both micro- 
instructions 53 and 54 must contain the proper address 
value. As an example, the next address field of micro- 
instruction 53 must contain address value 90 and micro- 
instruction 54 must contain address value 80. Micro- 
instruction 53 must be loaded into the register/counter 
while microinstruction 54 is in the pipeline register. If a 
JSRP is executed at address 54 and the condition code 
test fails, the contents of the register/counter will be 
passed through the IDM2910A as the address (address 
90) of the next microinstruction. If the condition code 
test passes, the address value in the pipeline register 
will be passed through the IDM2910A as the address 
(address 80) of the next microinstruction. Therefore, this 
control instruction (JSRP) has the capability of 
selecting one of two microsubroutines, based upon the 
results of a condition code test. 



Figure 13. COND JSB R/PL (JSRP) 


Control Instruction 6 

CJV (Conditional Jump Vector) -- This is a conditional 
jump control instruction. When CJV is executed, the 
VECT output is enabled and the next microinstr uction 
address is taken from an address generator. The VECT 
line must control the TRI-STATE® enable line of a 
register, a buffer, or a PROM, containing the next micro- 
program address. This instruction provides one 
technique for performing Interrupt type branching at the 
microprogram level. Since CJV is a conditional control 
instruction, passing the condition code inputs will allow 
the vector source address to pass through the 
IDM2910A. If the condition code test fails the next 
sequential address will be taken from the address 
register. 
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As shown in Figure 14, if CJV is at iocation 52, and the 
condition code test passes, microprogram execution 
wiii jump to vector address 20 and continue. If the 
condition code test fails, microprogram execution will 
continue at address 53. 


50 0 

51 O 

53 0 

540 



o=(di)^ — (vect) 
1 


Figure 14. COND JUMP VECTOR (CJV) 


Control Instruction 7 

JRP (Conditional Jump) — This control instruction is a 
conditional jump to another routine via the contents of 
either the register/counter or the pipeline register. JRP 
is similar to JSRP (control instruction 5), except that no 
push onto the stack is performed for JRP. 

The example shown in Figure 15 shows JRP as a branch 
to one of two addresses, depending upon the results of 
the condition code test. Assume the pipeline register 
contains an address value of 70 when the contents of 
address 52 are being executed. As the contents of 
address 53 are clocked into the pipeline register, the 
address value of 70 is loaded into the register/counter. If 
the address value of 80 is available when the contents 
of address 53 are in the pipeline register, either address 
70 or address 80 will be passed through the IDM2910A, 
depending upon the results of the condition code test. 




Figure 15. COND JUMP R/PL (JRP) 


(pl) 


Control Instruction 8 

RFCT (Repeat Loop, Counter Not Equal to Zero) — This 
control instruction uses the decrementing ability of the 
register/counter to loop on one or more microinstruc- 
tions. A preceding instruction, such as PUSH, must 
have loaded a count value into the register/counter 
while pushing the next address onto the stack. RFCT 
tests the register/counter for a non-zero value. If the 
counter is non-zero, the register/counter is decremented 
by one and the address of the next instruction is taken 
from the top of the stack. This sequence will repeat until 
the register/counter equals zero (the exit condition has 


been met), causing the next sequential address to be 
selected (Yj=MAR). The stack is popped since looping 
back is not required anymore. 

As shown In Figure 16, a PUSH control instruction 
would most likely be at address 50. The PUSH will cause 
address 51 to be pushed onto the stack and will load the 
register/counter with the count value contained in the 
pipeline register branch address field. 

For this example, the loop test is made at the end of the 
loop routine (address 54), so the value loaded into the 
register/counter must be one less than the desired 
number of passes through the loop. Using the method in 
the example, a loop may be executed from 1 to 4096 
times. 

The ability to perform single-microinstruction loops is 
an efficient way to execute the same microinstruction a 
specified number of times. Examples are fixed rotates, 
byte swap, fixed point multiply, and fixed point divide. 



Figure 16. REPEAT LOOP, CNTR 0 (RFCT) 


Control Instruction 9 

RPCT (Repeat Pipeline Register, Counter Not Equal to 
Zero) — This control instruction uses the decrementing 
ability of the register/counter to loop on one or more 
microinstructions. RPCT is similar to control 
instruction RFCT (control Instruction 8) except the 
branch address is taken from the pipeline register 
whereas RFCT takes it from the file. As long as the 
register/counter is not zero, RPCT will decrement the 
value in the register/counter and branch to the address 
taken from the pipeline register through the Dj inputs. 
Once the register/counter equals zero, the next address 
will be selected (Yj =/jAR). For some cases, this control 
Instruction can be considered to be a one-word 
extension of the stack. By using RPCT, a microprogram 
loop using the register/counter can be executed, even 
though the stack may be completely full. A preceding 
control instruction must have loaded a count value into 
the register/counter. RPCT does not perform a pop 
operation because the stack is not being used. 

As shown in Figure 17, microinstruction 51 could be 
Load Counter and Continue (LDCT, control instruction 
12). RPCT Is the control instruction at 52 and is shown 
as a single microinstruction loop. The address in the 
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pipeline register would be 52. Although a single micro- 
instruction loop is shown, by changing the address in 
the pipeline register, multi-instruction loops may be 
performed for a fixed number of times. 



Figure 17. REPEAT PL, CNTR 0 (RPCT) 


Control Instruction 10 

CRTN (Conditional Return-from-Subroutine) — This 
control Instruction is used to return from a microsub- 
routine to the control instruction immediately following 
the microsubroutine call. CRTN is a conditional return, 
with the return occurring only If the condition code test 
passes. If the condition code test falls, the next 
sequential microinstruction will be executed. 

As shown in Figure 18, the use of CRTN is Illustrated for 
both the conditional and the unconditional modes. A 
Jump-to-Subroutine control instruction is executed at 
address 52, pushing return address 53 onto the stack 
and transferring control to address 90. A CRTN is 
executed at address 93. If the condition code test 
passes, the microprogram returns to address 53 and the 
stack Is popped. If the condition code test falls, 
execution continues through to address 97, where the 
microsubroutine Is considered complete. CRTN must 
now be executed unconditionally. The mic roinstru ction 
at address 97 is programmed to force CCEN high, 
disabling the condition code test, with the forced pass 
causing an unconditional return. 

STACK TOP-# 53 



Figure 18. COND RETURN (CRTN) 


Control Instruction 11 

CJPP (Conditional Jump Pipeline Register Address and 
Pop Stack — This control Instruction provides another 
method of loop termination and Stack maintenance. 
CJPP Is a conditional jump, with the jump occurring 
only If the condition code test passes. A stack pop will 
also occur since this jump terminates the loop (whose 
branch address Is located in the stack top). 


As shown in Figure 19, a return address is pushed onto 
the stack and is followed by a short loop. The micro- 
instructions at addresses 52, 53, and 54 are all CJPP 
control instructions. At address 52, if the condition 
code test passes, a branch to address 70 and a stack 
pop will occur. If the condition code test fails, the next 
sequential address (address 53) will be selected. The 
same conditions exist for the microinstructions at 
addresses 53 and 54, with 53 pointing to either address 
90 or address 54, and 54 pointing to either address 80 or 
address 55. Used in this sort of loop, the CJPP control 
instruction is very useful when several inputs require 
testing before proceeding to other instructions. This 
provides the powerful jump-table programming 
technique at the microprogram level. 



Control instruction 12 

LDCT (Load Counter and Continue) — This control 
instruction enables the register/counter to be loaded 
with the value present on the direct Input lines. The 
direct input lines are normally connected to the pipeline 
register branch address field. For the architecture 
discussed here, the microinstruction under execution 
will supply either a branch address or a count value to 
the register/counter. 

There are three methods for loading the register/counter: 

1. The conditional load using the PUSH control Instruc- 
tion (number 4). 

2. The use of the RLD Input in conjunction with any of 
the control Instructions. 

3. The explicit load using LDCT. 

When using RLD in conjunction with any other control 
instruction, any counting or decrementing called for is 
overr idde n and a load into the register/counter occurs. 
The RLD Input provides additional microinstruction 
power at the expense of one bit of microi nstru ction 
width. LDCT is the exact equivalent of using RLD with 
control microinstruction 14 (CONT). LDCT provides the 
ability to lo ad the register/counter for those systems in 
which RLD is not under microprogram control. 


REG/COUNTER-#-lD|l-#— IPLI 


50 A REG/COl 

51 


52 

53 


Figure 20. LD CNTR & CONTINUE (LDCT) 
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Control Instruction 13 

LOOP (Test-End-oMoop) — This control instruction 
provides a way of conditionally exiting a loop from the 
bottom. Prior to entering the loop, a branch address 
must be pushed onto the stack. LOOP will continue to 
branch back to the address contained on the top of the 
stack as long as the condition code test fails. When the 
condition code test passes, the next sequential address 
is selected (Yj =fiAR) and the stack is popped. 

As shown in Figure 21, the branch address is pushed 
onto the stack and then the microprogram enters the 
loop. LOOP is located at address 56. If the condition 
code test fails, the branch address 52 will be taken from 
the stack and the program loops to address 52. If the 
condition code test passes, the loop will terminate and 
the microinstruction at the next sequential address 
(taken from the address register) will be executed. 
Address 52 is popped from the stack once the condition 
code test passes, thereby performing the required stack 
maintanance. 


STACK TOP-^ 52 



Figure 21. TEST END LOOP (LOOP) 


Control Instruction 14 

CONT (Continue) — This control instruction increments 
the address register so the next sequential micro- 
instruction can be executed. CONT should be the 
default control instruction requested by the firmware 
when no other control instruction needs performing. 


A preceding control instruction, such as a PUSH, must 
have loaded a count value into the register/counter 
while pushing the loop branch address onto the stack. 
As long as the condition code test fails, and the 
register/counter is not zero, the branch will be to the 
address on the top of the stack and the register/counter 
will be decremented. If the register/counter reaches 
zero, the next branch address is taken from the pipeline 
register (via the direct input lines). If at any time during 
the execution of TWB the condition code passes, no 
branch will occur and the next sequential address will 
be selected (Yj =mAR). Once the loop is exited, for either 
reason, the stack is popped. 

The three-way branch can enhance system performance 
In a number of ways. Some examples are: 

1. Performing a memory search that is terminated 
either by finding the desired value or by reaching the 
search limit. 

2. Terminating a variable-field-length arithmetic opera- 
tion upon finding that the contents of the unproces- 
sed portion of the field are all zeros. 

3. Performing a key search in a disc controller that is 
processing variable-length records. 

4. Normalizing a floating-point number. 

An example of a memory search operation Is shown in 
Figure 23. A PUSH is executed at address 63 to push the 
return address 64 onto the stack, and to load a count 
value Into the register/counter. The count value must be 
one less than the number of memory locations to be 
searched prior to exiting the loop. Address 64 contains 
a microinstruction that fetches a value from the next 
memory area to be searched, and compares it with the 
search key. A test for the results of the search com- 
parison is at address 65. Address 65 also contains TWB 
for microprogram control. If matching does not occur, 
the condition code test fails and the microprogram 
loops back to address 64 to obtain the next, search 
address. Once the register/counter equals zero, the 
microprogram will branch using the branch address 
(address 72) taken from the pipeline register. If a match 
Is found during the search, the condition code test will 
pass during the TWB control instruction and the next 
sequential address will be taken from the address 
register. Regardless of which method of exiting the loop 
is used, the stack will be popped and the loop branch 
address removed from the top of the stack. 


Figure 22. CONTINUE (CONT) 


Control Instruction 15 

TWB (Three-Way Branch) — This control instruction is 
the most complex of the 16 IDM2910A control instruc- 
tions. TWB is a conditional control instruction that can 
test either the condition code Input or the register/ 
counter contents to determine the next branch address. 


62 if STACK TOP — 64 

63 ^^<^^REG/COUNTER<-lDil 
POP. 64 OO- — 

^ 65’j®) J — AS LONG AS R/C:?!:0 

:=o I 


IF CC--LOW 
66 




DECREMENT 

REG/COUNTER 


►87--lDil=IPLi 


Figure 23. THREE-WAY BRANCH (TWB) 
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Ordering Information 


Package 

Package 

Temperature 

Order 

Type 

Number 

Range 

Number 

Molded DIP 

N40A 

0°C to +70°C 

IDM2910ANC 

Hermetic DIP 

D40C 

0°Cto +70°C 

IDM2910AJC 

Hermetic DIP 

D40C 

-55^Cto +125°C 

IDM2910AJM 

Hermetic DIP 

D40C 

-55°Cto +125°C 

1 DM291 OAJM/883 
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IDM29803 16-Way Branch Controller 


General Description 

When used in conjunction with the IDI\/l2909A address 
controller, the I DM29803 provides 16-way branch 
control. Four different inputs can be tested simul- 
taneously by the 16 instructions of the I DM29803; thus, 
the four OR inputs of the IDM2909A can be driven by 
the four outputs of the I DM29803 and a branch can be 
made to any one of the 16 addresses. 

If one test (T) input is being tested, the device will 
select one of two possible addresses; if two inputs are 
being tested, the device will select one of four possible 
addresses and, if three inputs are being tested, one of 
eight addresses will be selected. If all four inputs are 
tested, one of sixteen addresses is selected as the field 
used to drive the OR inputs of the IDM2909A. The 
“zero" instruction serves as a test inhibit function. 


Features and Benefits 

■ 16 separate instructions — 2-, 4-, 8-, or 16-way branch 
in one microprogram execution cycle 

■ Four discrete test inputs 

■ Four discrete outputs for driving the four OR inputs 
of the IDM2909A address controller 


“ Provides a maximum branching capability in a micro- 
program control unit using the IDM2909A 

■ Uses low-power Schottky technology 

■ Meets all requirements of MIL-STD-883 


Logic Diagram 



Connection Diagram 


Logic Symbol 


5 6 7 4 
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Absolute Maximum Ratings (NoteD Operating Range 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-65°Cto+125°C 
-55°Cto+125°C 
-0.5V to +7.0V 

-0.5V to +Vcc 
-0.5V to +5.5V 
30 mA 

-30 mA to +5.0 mA 


P/N 


Ambient 

Temperature ' Vqq 


Com 'I 

IDM29803DC,NC 0°C to +70°C 4.75V to 5.25V 

Mil 

I DM29803 DM, DM/883 -55°C to +125°C 4.50V to 5.50V 


DC Electrical Characteristics (Note 2 ) 


PARAMETER 


1 Com'l 

1 Mil 

UNITS 


MIN 

TYP 

MAX 

MIN 

1 TYP 

1 MAX 

If 

Input Load Current, All Inputs 

VCC = Max, Vf = 0.45V 


-80 

-250 




mA 

Ir 

Input Leakage Current, All Inputs 

VCC = Max, Vr = 2.7V 



25 



25 

pA 

IRB 

Input Leakage Current, All Inputs 

Vcc Max, Vrb = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

VcC ^ Min, Iql “ ^0 





0.35 

0.5 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 








V 

'CEX 

Output Leakage Current 

Vcc = Max, VcEX " 2.4V 



50 



50 

HA 


(Open-Collector Only) 

Vcc = Max, VcEX = 5-5V 



100 



100 

ajA 

vc 

Input Clamp Voltage 

Vcc “ Mm, l|[vj = -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

VcC = 5V,V|m = 2V, Ta = 25''C, 

1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 


■ 






PF 

icc 

Power Supply Current 


■ 




80 

130 

mA 


TRI-STATE PARAMETERS 



Output Short Circuit Current 

Vq = OV, Vcc ^ Max, (Note 3) 


-60 

-100 

-30 

-60 


mA 

H 

Output Leakage (TRI-STATE) 

Vcc ■ Max, Vq = 0.45 to 2.4V, 

Chip Disabled 



±50 



±50 

A(A 

VOH 

Output Voltage High 

IqH = “2 mA 




mm 

IQQII 


V 

•oh “ “6-5 nriA 

2.4 

3.2 


□ 

□ 


V 


AC Electrical Characteristics (With standard load) 


PARAMETER 

CONDITIONS 

ComT 

Mil 

UNITS 

MIN 

TYP 

MAX 

1 MIN 

1 

MAX 

tAA 

Address Access Time 

(Figure 1) 

10 

35 

50 



60 

ns 


Enable Access Time 

(Figure 2) 

5 



5 

15 

m^ii 

ns 

tER 

Enable Recovery Time 

(Figure 2) 

5 



5 

15 

iQiii 

ns 


Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc 5V and T/\ = 25° C. 

Note 3: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics Over Operating Range 



Com'l 

Mil 


Symbol 

Description 

Test Conditions 

Min Max 

Min Max 

Units 

tPLH 

Ij to ORj 


50 

60 

ns 

tPHL 


tPLH 

Tj to ORj 


50 

60 

ns 

tPHL 

Cl= 15pF 

tZH 

OEj to ORj 

RL = 2.0l<n 

25 

30 

ns 

tZL 


tHZ 

OEj to ORj 

, 

I 


25 

30 

ns 

tLZ 



Definition of Functional Terms 


> 0 , h. i2. 13 

To, Ti,T 2 , T 3 
ORq, OR-j, OR 2 , OR 3 
OEi,OE2 


The four instruction inputs to the device 
The four test inputs for the device 

The four outputs of the device that are connected to the four OR inputs of the IDM2909A 

Output Enable. When either OE input is High, the ORj outputs are in the high impedance 
state. When both the OEi and OE 2 inputs are Low, the OR outputs are enabled and the • 
selected data will be present. 


Standard Test Load 


vcc 


MEMORY 

OUTPUT 

UNOER 

TEST 



1 

I 


Cl= 30 pF* 


*C|, includes probe and jig capacitance 


Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZoUT ~ 5012, tr < 2.5 ns and tf < 2.5 ns (between 
1.0V and 2.0V). 

tAA 'S measured with both enable inputs at a steady 
low level. 

tEA tER are measured from the 1.5V on inputs 
and outputs with all address inputs at a steady level 
and with the unused enable input at a steady low 
level. 


Switching Time Waveforms 


ADDRESS 

INPUT 


3V- 




^1.5V 





/i 

^1.5V 

> 

1-^ tAA-^ 


-^tAA-* 


ENABLE 

INPUT 




— s 


^I.5V 






* 

Jl 


-^tEA-^i 

1 l-e-tER-^l 




Figure 1 . Address Access Time 


Figure 2. Enable Access Time and Recovery Time 
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Guaranteed Loading Rules Over Operating Range (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20juA measured at 
2.7 V High and -0.36 mA measured at 0.4 V Low. 

Pin Input/ Input Output Output 

Nos. Output Load High Low 


4 

T3 

0.5 

- 


5 

To 

0.5 

- 

- 

6 

Tl 

b.5 

- 

- 

7 

T 2 

0.5 

- 

- 

8 

GND 

- 

- 

- 

9 

OR 3 

- 

100 

44 

10 

OR 2 

- 

100 

44 

11 

OR 1 

- 

100 

- 44 

12 

ORo 

- 

100 

44 

13 

OE 1 

0.5 

- 


14 

OE 2 

0.5 

- 

- 

15 

I 3 

0.5 

- 

- 

16 

Vcc 

- 

- 

- 


Applications Example 





Note: The least significant microprogram sequencer is an I DM2909 A and the more significant sequencers are I DM291 1 A's. 
A Typical Computer Control Unit Using the IDM2909A, I DM2911 A, I DM29803 and I DM29811. 
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Function Table 


Function 

I3 

•2 

h 

>0 

T 3 

T2 

Tl 

To 

OR3 

OR2 

ORi 

ORo 

No Test 

L 

L 

L 

L 

X 

X 

X 

X 

L 

L 

L 

L 

Test To 

L 

L 

L 

H 

X 

X 

X 

L 

L 

L 

L 

L 





X 

X 

X 

H 

L 

L 

L 

H 

TestTi 

L 

L 

H 

L 

X 

X 

L 

X 

L 

L 

L 

L 






X 

X 

H 

X 

L 

L 

L 

H 

Test To&Ti 

L 

L 

H 

H 

X 

X 

L 

L 

L 

L 

L 

L 






X 

X 

L 

H 

L 

L 

L 

H 






X 

X 

H 

L 

L 

L 

H 

L 






X 

X 

H 

H 

L 

L 

H 

H 

Test T2 

L 

H 

L 

L 

X 

L 

X 

X 

L 

L 

L 

L 






X 

H 

X 

X 

L 

L 

L 

H 

Test To & T2 

L 

H 

L 

H 

X 

L 

X 

L 

L 

L 

L 

L 






X 

L 

X 

H 

L 

L 

L 

H 






X 

H 

X 

L 

L 

L 

H 

L 






X 

H 

X 

H 

L 

L 

H 

H 

Test T) & T2 

L 

H 

H 

L' 

X 

L 

L 

X 

L 

L 

L 

L 






X 

L 

H 

X 

L 

L 

L 

H 






X 

H 

L 

X 

L 

L 

H 

L 






X 

H 

H 

X 

L 

L 

H 

H 

Test Tq, Ti, & T2 

L 

H 

H 

H 

X 

L 

L 

L 

L 

L 

L 

L 






X 

L 

L 

H 

L 

L 

L 

H 






X 

L 

H 

L 

L 

L 

H 

L 






X 

L 

H 

H 

L 

L 

H 

H 






X 


L 

L 

L 

H 

L 

L 






X 

H 

L 

H 

L 

H 

L 

H 






X 

H 

H 

L 

L 

H 

H 

L 






X 

H 

H 

H 

L 

H 

H 

H 

Test T3 

H 

L 

L 

L 

L 

X 

X 

X 

L, 

L 

L 

L 






H 

X 

X 

X 

L 

L 

L 

H 

Test To & T3 

H 

L 

L 

H 

L 

X 

X 

L 

L 

L 

L 

L 






L 

X . 

X 

H 

L 

L 

L 

H 






H 

X 

X 

L 

L 

L 

H 

L 






H 

X 

X 

H 

■ L 

L 

H 

H 

Test Ti & T3 

H 

L 

H 

L 

L 

X 

L 

X 

L 

L 

L 

L 






L 

X 

H 

X 

L 

L 

L 

H 






H 

X 

L 

X 

L 

L 

H 

L 






H 

X 

H 

X 

L 

L 

H 

H 

Test Tq, Ti, & T3 

H 

L 

H 

H 

L 

X 

L 

L 

L 

L 

L 

L 






L 

X 

L 

H 

L 

L 

L 

H 






L 

X 

H 

L 

L 

L 

H 

L 






L 

X 

H 

H 

L 

L 

H 

H 


1 




H 

X 

L 

L 

L 

H 

L 

* L 






H 

X 

L 

H 

L 

H 

L 

H 






H 

X 

H 

L 

L 

H 

H 

L 






H 

X 

H 

H 

L 

H 

H 

H 

Test T2 & T3 

H 

H 

L 

L 

L 

L 

X 

X 

L 

L 

L 

L 






L 

H 

X 

X 

L 

L 

L 

H 






H 

L 

X 

X 

L 

L 

H 

L 






H 

H 

X 

X 

L 

L 

H 

H 

Test To, T2. & T3 

H 

H 

L 

H 

L 

L 

X 

L 

' L 

L 

L 

L 






L 

L 

X 

H 

L 

L 

L 

H 






L 

H 

X 

L 

L 

L 

H 

L 






L 

H 

X 

H 

L 

L 

H 

H 






H 

L 

X 

L 

L 

H 

L 

L 






H 

L 

X 

H 

L 

H 

L 

H 






H 

H 

X 

L 

L 

H 

H 

L 






H 

H 

X 

H 

L 

H 

H 

H 

Test Ti, T2. & T3 

H 

H 

H 

L 

L 

L 

L 

X 

L 

L 

L 

L 






L 

L 

H 

X 

L 

L 

L 

H 






L 

H 

L 

X 

L 

L 

H 

L 






L 

H 

H 

X 

L 

L 

H 

H 






H 

L 

L 

X 

L 

H 

L 

L 






H 

L 

H 

X 

L 

H 

L 

H 






H 

H 

L 

X 

L 

H 

H 

L 






H 

H 

H 

X 

L 

H 

H 

H 

Test To, Ti, T2, & T3 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 






L 

L 

L 

H 

L 

L 

L 

H 






L 

L 

H 

L 

L 

L 

H 

L 






L 

L 

H 

H 

L 

L 

H 

H 






L 

H 

L 

L 

L 

H 

L 

L 






L 

H 

L 

H 

L 

H 

L 
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L 

H 

H 

L 

L 

H 

H 
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L 

H 

H 

H 

L 

H 

H 
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H 

L 

L 

L 

H 

L 

L 
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H 

L 

L 

H 

H 

L 

L 
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H 

L 

H 

L 
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L 
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Ordering Information 


Package 

Package 

Temperature 

Order 

Type 

Number 

Range 

Number 

Molded DIP 

N16A 

0°C to +70‘'C 

IDM29803NC 

Hermetic DIP 

J16A (D16C) 

to +70°C 

IDM29803JC 

Hermetic DIP 

J16A (D16C) 

-55''C to +125°C 

IDM29803JM 

Hermetic DIP 

J16A (D16C) 

-55°C to +70°C 

IDM29803JM/883 
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General Description 

The IDM29811 next-address control unit is specifically 
designed for next address control of the IDM2911A 
sequencer. The device can be used In high-performance 
computer control systems, structured state machine 
designs, or In other applications that utilize micropro- 
gramming techniques. 

A 4-bit instruction field (I3-I0) provides sixteen Instruc- 
tions; also, a test Input is available for conditional 
instructions. Among the conditional instructions that 
can be executed are: conditional jumps, conditional 
jump to subroutine, conditional return from subroutine, 
conditional repeat loops, conditional branch to starting 
address, and so on. 

A single I DM29811 can be used to control any number 
of IDM2911A sequencers. Using one IDM29811 and 


three IDM2911As, a sequencer capable of controlling 
4k of microprogram memory can be easily implemented. 


Features and Benefits 

■ 16 next-address instructions 

■ Test input for conditional instructions 

■ Separate outputs to control the IDM2911A, an inde- 
pendent event counter, and a mapping PROM/branch 
address Interface 

■ Uses low-power Schottky technology 

■ Meets ail requirements of MIL-STD-883 


Logic Diagram Connection Diagram 




Logic Symbol 
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Absolute Maximum Ratings (Note d Operating Range 





Storage Temperature 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

-65°Cto +150°C 

-55°Cto+125°C P/N 

-0.5Vto+6.3V com'l 

1 DM2981 1JC,NC 
-0.5 V to + Vcc max mu 

-0.5V to +5.5V IDM29811JM,JM/883 

30 mA 

-30 m A to +5.0 mA 

Ambient 

Temperature Vcc 

0°C to +70°C 4,75 V to 5.25V 

-55°C to +1 25®C 4.50 V to 5.50 V 

DC Electrical Characteristics (Note 2 ) 








PARAMETER 


Com'l 

Mil 

UNITS 


MIN 

TYP 



TYP 

MAX 

l|L 

Input Load Current, All Inputs 

Vcc ~ M3 x, V|i\j = 0.45V 








l|H 

Input Leakage Current, All Inputs 

Vcc = Max. V|N = 2.7V 



ra 



Bi 


l| 

Input Leakage Current, All Inputs 

Vcc “ Max, V|N = 5.5V 



wm 



m 


VOL 


Vcc ~ Min, Iql = 16 mA 



m^iii 



HQQH 


V|L 

Low Level Input Voltage 

llllllllIBHHHi 

lllll 


HESi 



IQ^II 


V|H 

High Level Input Voltage 


jjlllQQI 







vc 

Input Clamp Voltage 

Vcc “ Min, l||\| = “IS mA 






- 1.2 


C|N 



■ 

4.0 


1 




Co 



■ 



■ 




Icc 



■ 







TRI-STATE PARAMETERS 

•sc 

— 

Output Short Circuit Current 

Vo = OV, Vcc = Max, (Note 3) 

-20 

-45 

-70 

-20 

-45 

-70 

mA 

•HZ 

Output Leakage (TRI-STATE) 

Vcc Max. Vq = 0.45 to 2.4V, 

Chip Disabled 



±50 



±50 

iuA 

VOH 

Output Voltage H(gh, 

•oh = “2 mA 




2.4 

3.2 


V 



Iqh “ “6-5 mA 

2.4 

3.2 





V 

Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc * 5V and Ta “ 25°C. 

Note 3: During Isc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics 
Over Operating Temperature 



ComM 

Mil 


Symbol 

Description 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Units 

tPLH 

Ij to Any Output 

Cl= 15pF 
rl = 2.0kn 


30 


40 

ns 

tPHL 

t^LH 

Test to Any Output 


30 


40 

ns 

tPHL 

tZH 

OE to Any Output 


20 


30 

ns 

tZL 

tHZ 

OE to Any Output 


20 


30 

ns 

tLZ 


Pinout Descriptions 


1 3/1 2/1 1 /1 0 

Test 


Counter Load 
Counter Enable 
Map Enable / 

Pipeline Enable 

FE File Enable 

PUP 


Four instruction inputs 

Condition-code input. When test 
input is low, the device assumes test 
has failed; when input is high, the 
test is assumed to have passed. 

In either case, a branch is made to 
one of the conditional-code instruc- 
tions; refer to the tables which 
follow. 

An output used to drive the parallel 
load input of an up/down counter. 

An output used to drive the enable 
input of an up/down counter. 

An output that controls the three- 
state outputs of the mapping 
PROM or PLA used to provide the 
initial starting address for each 
machine instruction. 

An output used to control the 
three-state output of the pipeline 
register which contains the branch 
address of the computer control 
unit. 

An output used to drive the file 
enable input of the IDM291 1 A. 
When this output is low, a st^ck 
operation will take place. 

An output used to drive the push/ 
pop input of the IDM291 1A 
address controller. When the PUP 
output is high, a push will take 
place if the file is enabled. When 
the PUP output is low, a pop will 
take place if the file is enabled. 


Sq/Si These outputs are used to drive the 

Sq/S-i inputs of the IDM2911A 
address controller. These outputs 
control whether the direct input, 
the register, the microprogram 
counter, or the stack is selected as 
the source of the next address for 
the microprogram memory. 
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Instruction Table 


Mnemonic 

•3 

•2 

h 

lo 

Instruction 

JZ 

L 

L 

L 

L 

Jump to Address Zero 

CJS 

L 

L 

L 

H 

ConditionalJump-to-Subroutine with Jump Address in Pipeline Register 

JMAP 

L 

L 

H 

L 

Jump to Address at Mapping PROM Output 

CJP 

L 

L 

H 

H 

Conditional Jump to Address in Pipeline Register 

PUSH 

L 

H 

L 

L 

Push Stack and Conditionally Load Counter 

JSRP 

L 

H 

L 

H 

Jump-to-Subroutine with Starting Address Conditionally Selected from 
IDM2911A Register or Pipeline Register 

CJV 

L 

H 

H 

L 

Conditional Jump to Vector Address 

JRP 

L 

H 

H 

H 

Jump to Address Conditionally Selected from IDM291 1 A R-Register or 
Pipeline Register 

RFCT 

H 

L 

L 

L 

Repeat Loop if Counter is Not Equal to Zero 

RPCT 

H 

L 

L 

H 

Repeat Pipeline Address if Counter is Not Equal to Zero 

CRTN 

H 

L 

H 

L 

Conditional Return-from-Subroutine 

CJPP 

H 

L 

H 

H 

Conditional Jump to Pipeline Address and Pop Stack 

LDCT 

H 

H 

L 

L 

Load Counter and Continue 

LOOP 

H 

H 

L 

H 

Test End of Loop 

CONT 

H 

H 

H 

L 

Continue to Next Address 

JP 

H 

H 

H 

H 

Jump to Pipeline Register Address 


Function Table 



Inputs 

Outputs 1 


Instruction 


Test 

Next ADDR 





Mnemonic 

•3 

'2 

h 

IQ 

Function 

Input 

Source 

File 

Counter 

MAPE 

PLE 

JZ 

L 

L 

L 

L 

JUMP ZERO 

K 

D 

HOLD 

LL* 

H 

L 

CJS 

L 

L 

L 

H 

COND JSB PL 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

D 

PUSH 

HOLD 

H 

L 

JMAP 

L 

L 

H 

L 

JUMP MAP 

X 

D 

HOLD 

HOLD 

L 

H 

CJP 

L 

L 

H 

H 

COND JUMP PL 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

D 

HOLD 

HOLD 

H 

L 

PUSH 

L 

H 

L 

L 

PUSH/COND LD CNTR 

L 

PC 

PUSH 

HOLD 

H 

L 







H 

PC 

PUSH 

LOAD 

H 

L 

JSRP 

L 

H 

L 

H 

COND JSB R/PL 

L 

R 

PUSH 

HOLD 

H 

L 







H 

D 

PUSH 

HOLD 

H 

L 

CJV 

L 

H 

H 

L 

COND JUMP VECTOR 

L 

PC 

HOLD 

HOLD 

H 

H 







H 

D 

HOLD 

HOLD 

H 

H 

JRP 

L 

H 

H 

H 

COND JUMP R/PL 

L 

R 

HOLD 

HOLD 

H 

L 







' H 

D 

HOLD 

HOLD 

H 

L 

RFCT 

H 

L 

L 

L 

REPEAT LOOP, CNTR¥=0 

L 

F 

HOLD 

DEC 

H 

L 







H 

PC 

POP 

HOLD 

H 

L 

RPCT 

H 

L 

L 

H 

REPEAT PL, CNTR^AO 

L 

D 

HOLD 

DEC 

H 

L 







H 

PC 

HOLD 

HOLD 

H 

L 

CRTN 

H 

L 

H 

L 

COND RTN. 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

F 

POP 

HOLD 

H 

L 

CJPP 

H 

L 

H 

H 

COND JUMP PL & POP 

L 

PC 

HOLD 

HOLD 

H 

L 







H 

D 

POP 

HOLD 

H 

L 

LDCT 

H 

H 

L 

L 

LOAD CNTR & CONTINUE 

X 

PC 

HOLD 

LOAD 

H 

L 

LOOP 

H 

H 

L 

H 

TEST END LOOP 

L 

F 

HOLD 

HOLD 

H 

L 







H 

PC 

POP 

HOLD 1 

H 

L 

CONT 

H 

H 

H 

L 

CONTINUE 

X 

PC 

HOLD 

HOLD 

H 

L 

JP 

H 

H 

H 

H 

JUMP PL 

X 

D 

HOLD 

HOLD 

H 

L 


L = Low DEC = Decrement 

H = High *LL == Special Case 

X = Don't Care 
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Truth Table 


Mnemonic 

Pin No. 

Function 

14 

13 

12 

11 

10 

4 

5 

3 

2 

6 

7 

1 

9 

Inputs 

Outputs 

I3 

*2 

h 

»0 

TEST 

Next 

ADDR 

Source 

$1 So 

File 

FE PUP 

Cou 

nter 

EN 



LOAD 

MAP E 

PL E 

JZ 

JUMP ZERO 

L 

L 

L 

L 

L 

H 

H 

H 


n 

L 

H 

L 



L 

L 

L 

L 

H 

H 

H 

H 


■a 

L 

H 

L 

CJS 

COND JSB PL 

L 

L 

L 

H 

L 

L 

L 

H 


■n 

H 

H 

L 



L 

L 

L 

H 

H 

H 

H 

L 


■9 

H 

H 

L 

JMAP 

JUMP MAP 

L 

L 

H 

L 

L 

H 

H 

H 


■9 

H 

L 

H 



L 

L 

H 

L 

H 

H 

H 

H 


■9 

H 

L 

H 

CJP 

COND JUMP PL 

L 

L 

H 

H 

L 

L 

L 

H 


99 

H 

H 

L 



L 

L 

H 

H 

H 

H 

H 

H 


■9 

H 

H 

L 

PUSH 

PUSH/COND LD CNTR 

L 

H 

L 

L 

L 

L 

L 

L 


mm 

H 

H 

L 



L 

H 

L 

L 

H 

L 

L 

L 



H 

H 

L 

JSRP 

COND JSB R/PL 

L 

H 

L 

H 

L 

L 

H 

L 



H 

H 

L 



L 

H 

L 

H 

H 

H 

H 

L 



H 

H 

L 

CJV 

COND JUMP VECTOR 

L 

H 

H 

L 

L 

L 

L 

H 



H 

H 

H 



L 

H 

H 

L 

H 

H 

H 

H 



H 

H 

H 

JRP 

COND JUMP R/PL 

L 

H 

H 

H 

L 

L 

H 

H 



H 

H 

L 



L 

H 

H 

H 

H 

H 

H 

H 



H 

H 

L 

RFCT 

REPEAT LOOP, CTR 0 

H 

L 

L 

L 

L 

H 

L 

H 



L 

H 

L 



H 

L 

L 

L 

H 

L 

L 

L 



H 

H 

L 

RPCT 

REPEAT PL, CTR yi=0 

H 

L 

L 

H 

L 

H 

H 

H 



L 

H 

L 



H 

L 

L 

H 

H 

L 

L 

H 



H 

H 

L 

CRTN 

COND RTN 

H 

L 

H 

L 

L 

L 

L 

H 



H 

H 

L 



H 

L 

H 

L 

H 

H 

L 

L 

im 


H 

H 

L 

CJPP 

COND JUMP PL & POP 

H 

L 

H 

H 

L 

L 

L 

H 

B 


H 

H 

L 



H 

L 

H 

H 

H 

H 

H 

L 



H 

H 

L 

LDCT 

LD CNTR & CONTINUE 

H 

H 

L 

L 

L 

L 

L 

H 


IDii 

H 

H 

L 



H 

H 

L 

L 

H 

L 

L 

H 


iDl 

H 

H 

L 

LOOP 

TEST END LOOP 

H 

H 

L 

H 

L 

H 

L 

H 

■ni 


H 

H 

L 



H 

H 

L 

H 

H 

L 

L 

L 



H 

H 

L 

CONT 

I CONTINUE 

H 

H 

H 

L 

L 

L 

L 

H 



H 

H 

L 



H 

H 

H 

L 

H 

. L 

L 

H 



H 

H 

L 

JP 

I JUMP PL 

H 

H 

H 

H 

L 

H 

H 

H 



H 

H 

L 



H 

H 

H 

H 

H 

H 

H 

H 



H 

H 

L 


L = Low, H ■■ High 


Guaranteed Loading Characteristics Over Operating Range {in unit loads) 


Pin 

Nos. 

Input/ 

Output 

Input 

Load 

Output 

High 

Output 

Low 

1 

MAP E 

- 

100 

44 

2 

PUP 

- 

100 

44 

3 

FE 

- 

100 

44 

4 

Si 

- 

100 

44 

5 

So 

- 

100 

44 

6 

CNT LOAD 

- 

100 

44 

7 

CNT E 

- 

100 

44 

8 

GND 

- 

- 

- 

9 

PL E 

- 

100 

44 

10 

TEST 

0.5 

- 

- 

11 

lO 

0.5 

- 

- 

12 

ll 

0.5 

- 

- 

13 

*2 

0.5 


- 

14 

I3 

0.5 

- 

- 

15 

OE 

- 

100 

44 

16 

VCC 

- 

- 

- 


A Low-Power Schottky TTL Unit Load is defined as 20/iA measured at 2.7V High and -0.36mA measured at 0.4V Low. 
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DM10900 



National 

Semiconductor 


DM10900 8-Bit Parity ALU Siice 


2900 Famiiy/ 
Bipoiar Microprocessor 

PRELIMINARY 


General Description 

The DM10900 8-Bit Microprocessor siice is a cascad* 
able device designed for use in high performance cen- 
tral processing units, microprogrammable controllers, 
and other applications where hardware/software flex- 
ibility, ease of expansion, and ECL 10k compatibility are 
system requirements. The building block architecture 
and microinstruction format of the DM10900 permits 
efficient emulation of most digital systems. 

As shown in the block diagram below, the DM10900 
consists of a parallel 8-blt adder accessed by two latch- 
ed input ports. In addition, various logic operations can 
also be performed on the input data. Shifting circuits 
and parity detect circuits implemented with ECL, oxide- 
isolated technology, allow the device to function as a 
very powerful, high performance ALU. 


Features 

■ Manufactured from high performance, oxide- 
isolated ECL macrocell array. 

■ Performs all necessary logic and arithmetic 
operations. 

■ Dual port architecture— two 8-bit, latched input 
ports; one 8-bit, latched output port. 

■ Internal look-ahead carry with propagate/generate 
outputs. 

■ Internal parity detect circuit with parity error 
output. 

■ Expandable in 4- or 8-bit Increments to form larger 
word sizes. 


Block Diagram 


DM10900 


MSB LSB 
X8 Xin 

14 


C060 • 
CD61 ■ 
CD62 • 


SHIFT 

PAR 


Cln - 
Coul ■ 


XOR 

PAR 


rciey 


TErr 

HSC 


-<M 


OPA - 
OPB ■ 


MSB-LSB MSB-LSB 
XBU^ YBUS 
XP I XL YP I YL COMP 

ill iAi 


m. 


SHIFT 

±1 




T 


Vcco (PIN 66) 

*-OPIN 67 


i 


55 : 


r a 


r 

3 


ADDER 
XOR Ci 


r<I 


SUM 




AND 

PAA 


0 

OR V 


a 




pCIt 




MSB LSB 

SR SL 


SR4l I SLA 
PAR PAR 


Jg: 


ZDS 

ZD7 


ZErr 


ZL ZP Z CN7 CN3 CL 
BUS 

MSB-LSB 
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Test Temperature 


Symbol 

o°c 

+25°C 

+70°C 

ViH max 

-0.840 

-0.810 

-0.730 

ViHAmin 

-1.145 

-1.105 

-1.050 

ViL min 

-1.95 

-1.95 

-1.95 

V|LA max 

-1.490 

-1.475 

-1.450 

< 

m 

m 

-5.2 

-5.2 

-5.2 


(A) indicates the most positive value. 


Recommended Operating Conditions 

Vee Supply Voltage -4.68Vocto -5.72Vqc 

(Vcc = 0V) 

Ta Operating Temperature 0to+70°C 

(Functional) 

Output Drive 50Qto-2.0VDc 

Tj Junction Temperature 130°CMax. 


Eiectrical Characteristics 

Each ECL 10,000 series circuit has been designed to meet the DC specifications shown in the test table, after thermal 
equilibrium has been established. The circuit is in a test socket or mounted on a printed circuit board and transverse air 
flow greater than 1000 linear fpm is maintained. Outputs are terminated through a 50Q resistor to -2.0V. Test procedures 
are shown for only one input, or for one set of input conditions. Other inputs are tested in the same manner. 




Pin 

DM10900 Test Limits 






(Vcco) 

(Vcc) 

Symbol 

Parameters 

Under 

OX 

+25X 

+70X 


voiiage Mppiiea lo rins Lisiea oeiow: 



Test 

Min. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Max. 

Unit 

'^IH max 

'^IL min 

ViHAmin 

V|LA max 

UJ 

LU 

> 

Gnd 

'ee 

Power Supply Drain 
Current 

9,43 

514 

855 

514 

685 

855 

514 

855 

mAoc 

- 

- 

- 

- 

I 


'iNH 

•iNL 

Input Current 

CD61, XL, YL, ZL, 
i C||sj, OPA 

All Others 

55 

50 

50 

0.5 

600 

250 

0.5 

- 

600 

250 

0.5 

600 

250 

mAdC 

50 

50 

- 

- 

9, 43 

3, 15, 20 

Vqh 

Logic High 

Output Voltage 

4 

-1.000 

-0.840 

-0.960 

— 

-0.810 

-0.905 

-0.730 

Vdc 

50, 55, 24 

31,56, 54 



26, 60, 68 

Vql 

Logic Low 

Output Voltage 

4 

-1.95 

-1.665 

-1.95 

— 

-1.650 

-1.95 

-1.625 

Vdc 

55, 24 

50, 31, 
56, 54 


— 



^OHA 

Logic High 
Threshold Voltage 

4 

-1.02 

— 

-0.980 

1 

— 

-0.925 


Vdc 

55, 24 

31,56, 54 

50 ^ 

. — 



Vqla 

Logic Low 

Threshold Voltage 

4 

— 

-1.645 

— 


-1.630 

— 

-1.605 

VdC 

24, 55 

31, 54, 56 

— 

50 




lO 

CO 


ooeoi-iAia 



DM10900 


DM10900 



DM10900 Grid Array Package 
Drawing Not Avaiiable at This Time 


Table 1. Pin Assignments 


Pin 

Description 

Pin Number 

Description 

SL6 

59 

Shift Left Input to Z2 

SL7 

58 

Shift Left Input to Z3 

ZO 

4 

Output Bus — LSB Output 

Z1 

2 

Output Bus 

Z2 

1 

Output Bus 

Z3 

68 

Output Bus 

Z4 

19 

Output Bus 

Z5 

5 

Output Bus 

Z6 

10 

Output Bus 

Z7 

21 

Output Bus — MSB Output 

ZD3 

14 

Zero Detect 

ZD7 

16 

Zero Detect 

ZP 

6 

Parity Detect Output 

ZL 

24 

Z Latch Control Bit 

Zerr 

11 

Bus Error Detect Output 

Terr 

12 

Test Error Input 

Comp 

57 

Control Input Complement 

CD60 

56 

Control Input 

CD61 

55 

Control Input 

CD62 

54 

Control Input 

HSC 

65 

Half Sum Check Output 

OPA 

64 

Control Input 

OPB 

61 

Control Input 

Vee i 

9 

-5.2 Volt Supply 

Vee 

43 

-5.2 Volt Supply 

Vcc 

26 

Ground 

Vcc 

60 

Ground 

Vcco 

3 

Ground 

Vcco 

15 

Ground 

Vcco 

20 

Ground 

Vcco 

66 

Ground 

CL 

22 

Carry Latch Enable 

NC 

23 

Not Used 

TD 

67 

Test Diode 


Pin 

Description 

Pin Number 

Description 

XO 

50 

Input Bus — LSB Input 

XI 

48 

Input Bus 

X2 

46 

Input Bus 

X3 

44 

Input Bus 

X4 

41 

Input Bus 

X5 

39 

Input Bus 

X6 

37 

Input Bus 

X7 

35 

Input Bus — MSB Input 

X8 

62 

Shift Interconnect— MSB 

XL 

31 

X Latch Control Bit 

XP 

32 

X Input Parity Bit 

X|N 

63 

Shift Interconnect— LSB 

YO 

51 

Input Bus — LSB Input 

Y1 

49 

Input Bus 

Y2 

47 

Input Bus 

Y3 

45 

Input Bus 

Y4 

42 

Input Bus 

Y5 

40 

input Bus 

Y6 

38 

Input Bus 

Y7 

36 

Input Bus — MSB Input 

YL 

52 

Y Latch Control Bit 

YP 

34 

Y Input Parity Bit 

CjN 

25 

Carry Input 

Gout 

17 

Carry Output 

PG 

18 

Group Propagate Output 

GG 

13 

Group Generate Output 

Gn3 

7 

Detect System Overflow 

Cn7 

8 

Detect System Overflow 

SRO 

27 

Shift Right Input to Z4 

SRI 

29 

Shift Right Input to Z5 

SR2 

28 

Shift Right Input to Z6 

SR3 

30 

Shift Right Input to Z7 

SL4 

53 

Shift Left Input to ZO 

SL5 

33 

Shift Left Input to Z1 
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Operation 

The basic data input ports to the DM10900 are the X bus 
and Y bus, each capable of accepting eight data bits. To 
expand the word size of a DM10900 system, single-bit data 
paths C|N, CouT) XiN, and X8 along with 4-bit paths SL and 
SR are provided. In addition, group propagate and group 
generate outputs can be used with external carry look- 
ahead logic in an expanded system for faster operation. 

The DM 10900 outpu ts data on the Z bus a nd pr ovides zero 
detect signals ZD7 for outputs Z 7-Z4 and ZD3f or outputs 
Z3-Z0. In addition, carry signals CN3 and CN7 are gener- 
ated within the adder for determining overflow condi- 
tions. Parity circuitry continuously monitors data flow 
within the ALU slice and provides two error signals. 

Each input and output port consists of eight data bits and 
one odd parity bit. The two input ports are latched and 
routed to four logic networks which generate a 1-bit shift 
right or left of X, a complement of Y, a logic OR of X and Y, 
and a logic AND of X and Y. The shift and complement 
circuits input to the adder network which provides the 
arithmetic sum and the logic exclusive-OR. Two 1-of-4 
multiplexers select the data path to the Z output bus. 

Pin Descriptions 

1. X Input Bus. These eight data input pins serve as data 
paths to an internal latch in the ALU. Data is passed 
through the latch when Latch Control bit, XL, is brought 
low and latched when XL is brought high. X7 is the most 
significant bit (MSB) of the X input bus. 

2; Y Input Bus. These eight data input pins operate iden- 
tically to the X input bus described above. YL is the 
latch control signal for the Y input bus. 

3. Parity Inputs, XP and YP. To utilize the parity detect 
circuitry of the DM10900, parity for X input data and Y 
input data should be entered on the XP and YP inputs re- 
spectively. These bits are used in determining the Z par- 
ity output, ZP, and parity error signals, HSC and Zerr- 

4. Shift Interconnects. Shift interconnect signals X|n, 
X8, SL and SR are provided to facilitate shift opera- 
tions in cascaded slice systems. 

For a single-bit shift left, X|n is shifted into the XO 
position and for a single-bit shift right, X8 is shifted 
into the X7 position. SL and SR are used for 4-bit shifts. 
For a shift left, SL7-SL4 are shifted intoZ3-Z0 respec- 
tively, while the results of the OR circuit, (X-f-Y) 3 - 
(X + Y)o are shifted into Z7-Z4, respectively. For a shift 
right, SR3-SR0 are shifted into Z7-Z4, respectively, 
while the OR circuit outputs {X + Y)j-(X + Y )4 are 
shifted into Z3-Z0, respectively. 

5. Half Sum Check. HSC Is a parity check of the X bus 
and Y bus along with an error check of the half sum 
adder network. HSC will detect a single-bit error or 
any combination of odd number of errors. Half sums 
are derived from the bit-by-bit Exclusive-OR of the two 
busses. The half sum bits, along with the input parity 
bits XP and YP, determine HSC as follows: 

HSC = HS7©GS6© HS5© HS4© HS3© 
HS2©HS1©HS0©XP®YP©Shift PAR 


6. Carry Signals. Sys tem o verfl ow c an be detected by 
the carry signals CN3 and CN7. Overflow occurs 
when the maximum system word or byte value has 
been exceeded. Only the overflow from the most sig- 
nificant 8-bit slice Is used in a typical system. 
Overflow is detected by the exclusive-OR of the 
carry out and carry in of the most significant bit in a 
system. In an 8-bit increment system (8, 16, 24, etc.) 
overf low can b e generated by the exclusive-OR of 
Gout and CN7. In a 4-bit increment system (4, 12, 16, 
etc.) overflow can b e generated b y the Exclusive- 
NOR of Z4 and CN3 (OF = Z4©CN3). Z4 is effectively 
the carry out of the 8-bit slice operating in a 4-bit slice 
mode. 

Carry in, 0)^7, is used to interconnect 8-bit slices in a 
system. In a rip ple c arry mode, C|n is connect ed to 
the carry out, Cout» of the previous slice. Cqut 
occurs when the calculated value within the ALU 
exce eds t he maximum capacity, a binary count over 
255. Cqut is generated by look-ahead carry logic in 
the 8-bit ALU. 

7. Output Z Bus. These eight data output pins connect 
the output data latch to the external system. Data 
passes through the latch to the Z bus when ZL is 
high. Z7 Is the most significant output bit. 

8. Zero Detect. ZD7 and ZD3 indicate all lows on output 
latch Z7-Z4 and Z3-Z0, respectively. These outputs go 
low when their corresponding output bits are all low. 

9. Z Bus Error. indicates a single-bit error (or odd 
number of multiple errors) in data flowing through the 
multiplexers or output latch. The output parity bit, ZP, 
is compared with the parity of the Z bus output gener- 
ating a logic high on if an error exists. 

Zerr can be tested with the test error input, Terr, vyhen 
an arithmetic operation is performed. When enabled, 
a logic high on Terr will result in an incorrect parity of 
the arithmetic operation output Sum. This will be de- 
tected by the Z bus error logic as shown in the block 
diagram. 

10. Parity Output. ZP is used to output the parity of the Z 
bus. It is generated Independently of the Z bus, which 
adds another level of system error check. 

ZP is the Exclusive-OR of the selected function before 
multiplexing onto the Z bus. For example, if the ALU 
were performing an AND operation, ZP would be: 

ZP = XY7©XY6©XY5© . . .©XYO 

11. Group Propagate/Generate. Group propagate, 1^, 
and group generate, GG, are used as inputs to exter- 
nal look-ahead carry logic for carry in signals that 
can be obtained with faster ripple techniques. The 
propagate output goes low when the maximum value 
occurs on the ALU outputs (255). Group generate oc- 
curs with a value of 256 or greater. These signals are 
useful only with arithmetic operations. 

12. Test Diode. A test diode, TD, is connected to Pin 67 
for use In measuring junction temperature. Pin 66 Is 
the diode anode; Pin 67 the diode cathode. 
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Select Line Operation 

One-Bit Shift Select 

Control inputs CD60, CD61, and CD62 are used to give the 
ECL 8-bit slice a 1-bit shift left or a 1-bit shift right. A logic L 
on CD62 results in a 1-bit shift left whereas a logic H 
results in a 1-bit shift right operation. When CD60 is held at 
a logic L or CD61 is held at a logic H, no shift operation is 
performed. Table 2 illustrates the 1-bit shift operation. 

Table 2 


Operation 

CD60 

CD61 

CD62 

No Shift 

L 

X 

X 

No Shift 

X 

H 

X 

1 -Bit Shift Left 

H . 

L 

L 

1-Bit Shift Right 

H 

L 

H 


Mux B Select 

Control inputs CD60, CD61, and CD62 are used to select 
the data path to the ALU output latch. When CD61 Is held 
at a logic H, Mux B is enabled. CDSO and CD62 select ALU 
functions pass X, pass Y, shift left four bits or shift right 
four bits. (See Table 3.) 

Table 3 


Function 

ZP 

CD61 

CD60 

CD62 

Not Enabled 

See Table 4 

L 

X 

X 

Pass X 

XP 

H 

L 

L 

Pass Y 

YP 

H 

L 

H 

Shift Left 4 Bits 

SL4 PAR 

H 

H 

L 

Shift Right 4 Bits 

SR4 PAR 

H 

H 

H 


SL4 PAR = [SL4©SL5 SL6©SL7]© 

[(XO + YO)© (XI + Y1)© (X2 Y2)© (X3 -f Y3)] 
SR4 PAR = [SR0©SR1 ©SR2©SR3]®' 

[(X4 -f- Y4)© (X5 + Y5)© (X6 + Y6)© (X7 + Y7)] 


Mux A Select 

Control inputs OPA, OPB, and CD61 are used to select the 
data path to the ALU output latch. When CD61 is held at a 
logic L, Mux A is enabled, OPA and OPB select ALU func- 
tions Sum, XOR,X-i-Y, orX • Y (see F/gure 77). See Table 4. 

Table 4 


Function 

ZP 

CD61 

OPA 

OPB 

Not Enabled 

See Table 3 

H 

X 

X 

Sum 

Sum PAR 

L 

L 

L 

XOR 

XOR PAR 

L 

L 

H 

X* Y 

AND PAR 

L 

H 

L 

X-f Y 

OR PAR 

L 

H 

H 


XOR PAR = (Shift PAR)®[XP®YP] where 
Shift PAR = [X7®X|n) • CD62 + (XSffiXO) • 

CD62] • CD60 • CD61 

AND PAR = [(XO • Y0)®(X1 • Y1)®(X2 • Y2)® 

(X3 • Y3)]®[(X4 • Y4)®(X5 • Y5)® 

(X6 • Y6)®(X7 • Y7)] 

OR PAR = (AND PAR)®(XOR PAR) 

Sum PAR = C|[sj®C1 ® C2® C3©C4® C5® 

C6®C7®TErr®(XOR PAR) 

where C|fg is the carry-in for generating bit Z\ for i = 1 to 7. 

Complement Y Select 

Control input Comp inhibits or enables the complement 
operation. When Comp is at a logic L, Y data is passed. 
When Comp is at a logic H, Y is complemented. 

Table 5 


Operation 

Comp 

Pass Y 

L 

Complement Y 

H 


Table 6 


Function 

ZP 

CD61 

CD60 

CD62 

OPA 

OPB 

Comp 

X-fY + C|N 

Sum PAR 

L 

L 

X 

L 

L 

L 

X + Y®C|n 

Sum PAR 

L 

L 

X 

L 

L 

H 

X©Y 

XOR PAR 

L 

L 

X 

L 

H 

L 

X©Y 

XOR PAR 

L 

L 

X 

L 

H 

H 

XSL-fY + C|N 

Sum PAR 

L 

H 

L 

L 

L 

L 

XSL-hY-t-CiN 

Sum PAR 

L 

H 

L 

L 

L 

H 

XSLeY 

XOR PAR 

L 

H 

L 

L 

H 

L 

XSLeY 

XOR PAR 

L 

H 

L 

L 

H 

H 

XSR-hY-fCiN 

Sum PAR 

L 

H 

H 

L 

L 

L 

XSR-HY-fC|N 

Sum PAR 

L 

H 

H 

L 

L 

H 

XSR©Y 

XOR PAR 

L 

H 

H 

L 

H 

L 

XSR©Y 

XOR PAR 

L 

H 

H 

L 

H 

H 

X* Y 

AND PAR 

L 

X 

X 

H 

L 

X 

X-fY 

OR PAR 

L 

X 

X 

H 

H 

X 

X 

XP 

H 

L 

L 

X 

X 

X 

Y 

YP 

H 

L 

H 

X 

X 

X 

Shift Left Four Bits^ 

SL4 PAR 

H 

H 

L 

X 

X 

X 

Shift Right Four Bits^ 

SR4 PAR 

H 

H 

H 

X 

X 

X 


1 . The ieast significant four bits of X or Y are shifted into the most significant four bits. The four ieast significant bits are replaced with SL7-SL4 inputs. 

2 . The most significant four bits of X or Y are shifted into the least significant four bits. The four most significant bits are replaced with SR3-SR0 inputs. 

-I- Logic Inclusive-OR. • Logical AND. ® Logical Exclusive-OR. 
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Switching Waveforms 

Propagation Delays 


Switching Time Test Circuit 

Vcco = Vcc = + 2.0 Vdc 



Setup and Hold 


VCC0 = VCC= +2.0VDC 


X X 

■=■ 3 15 20 26 60 66 "=■ 


i I 

Vee=-3.2VDC ■=• 


Setup and Hold 

Test Procedure: 

a. Establish setup time with long thoid- 

b. Keeping the leading edge of the input constant 
(tsetup)» vary the trailing edge of the input to deter- 
mine thoid- 


50Q termination to ground location in each scope 
channel input. 

All Input and output cables to the scope are equal 
lengths of 50Q coaxial cable. Wire length should be < 1/4 
inch from TP|n to output pin and TPqut to output pin. 


Setup and Hold Times (Nanoseconds) 
0 to +70°C Ta (Tj not to exceed +115°C) 


input 

Clock (Ref. Edge) 

Output 

Setup (Min.) 

Hold (Mi 

X Bus, XP 


All 

1.6 

+1 

Y Bus, YP 

YL(L-H) 

All 

1.6 

+1 

X Bus, Y Bus, Comp. 


Z Bus 

17.8 

0, 


Z.L L; 

ZP 

19.2 

0 


CL(H-L) 

CN7 

14.5 

0 

XP, YP 

ZL (H-L) 

ZP 

11.7 

0 

C|N 


Z Bus 

12 

-1 


Z.L L; 

ZP 

14.3 

-1 


CL(HB-L) 

1 ^ 

8.6 

-1 

SL, SR 

ZL (H-L) 

Z Bus 

6.1 

+0.5 


ZP 

12 

0 

X8, X|N 

ZL (H-L) 

Z Bus 

15.5 

-1 


ZP 

\12 

-1 


CL(H->L) 


12.1 

-1 

OPA, OPB 

ZL (H-L) 

Z Bus, ZP 

10.6 , 

+0.5 

CD60, CD61, CD62 


Z Bus 

24.2 

+0.5 


Z.L l; 

ZP 

26.1 

0 


CL(H->L) 

CN3, ^ 

21.1 

-1 

YL(H-L Edge) 


Z Bus 

18.9 

-0.5 


Z.L l; 

ZP 

20.4 

-1 


CL(H-L) 

cm, ^ 

15.5 

-1 

TErr 

ZL (H->L) 

ZP 

7 

0 
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SYSTEM ARCHITECTURE OF THE IDM2901A 

The I DM2901 is designed for use in microprogrammed 
systems; figure 1 illustrates a typical configuration for 
such a system. All devices use a common clock while 
two registers provide control signals and data Inputs to 
the CPU.. One of the registers serves as a direct-data 
input to the device, whereas the other register provides 
a communications link between the 2901, the micro- 
program sequencer, and the microprogram storage device 
(RAM, ROM or PROM). The "memory store" device 
contains microinstruction sequences, typically 28 to 
60 bits wide. When selected, these microinstructions 
control the IDM2901 and other circuits in order to 
execute the chosen operation. Address lines of the 
"store" device are driven by the microprogram 
sequencer. The sequencer can store an address. Incre- 


ment an address, jump to any address, and link subrou- 
tines. Control bits for the "next instruction" originate 
in the "microprogram store." This arrangement plus the 
fact that the control register is between the storage 
device and the 2901 means that the instruction can be 
accessed on one cycle and executed on the next cycle. 
In summary, as one instruction is executed, the next 
instruction Is being read from microprogram memory. 
In such a configuration, system speed is improved 
because "access time" and "execution time" occur in 
parallel; without the "pipeline instruction register," 
these two operations would be implemented in serial 
order. Other speed-enhancement techniques are detailed 
later under "Speed Enhancement of Bipolar Bit-Slice 
Microprocessor Systems." 


START 

ADDRESS 


CLDCK 


DATA IN 



STATUS 

OUT 


Figure 1. Microprogrammed System Using the IDM2901 


EXPANDING THE IDM2901 BIT-SLICE 
MICROPROCESSOR 

The 1 DM2901 is a 4-bit slice microprocessor; thus, any 
number of devices can be interconnected to produce, in 
4-bit increments. CPUs of 8, 12, 16, 24, 36, or more 
bits. Figure 2 shows how three devices can be connected 
to form a 12-blt CPU using ripple carry; figure 3 shows a 
16-bit CPU using carry look-ahead, and figure 4 shows 
the general carry look-ahead scheme for long words. 


With exception of the carry interconnections, all 
expansion schemes are the same. The Q3 and RAM3 pins 
provide bidirectional left/right functions for the most 


significant bit. Except for the last device in the string, 
the Q3 and RAM3 lines connect, respectively, to the Qq 
and RAMq lines of the next device. These connections 
permit the "Q" register of each device to be shifted left 
or right as a contiguous n-bit register; also, it allows 
output data from the ALU to be shifted left or right as a 
contiguous n-bit word prior to storage in RAM. As 
shown in the single-slice configuration (see figure 5), the 
shift lines at the LSB and MSB could be connected to 
the TRI-STATE multiplexer; the multiplexer can then 
be controlled by microcode to select appropriate shift- 
input signals. 
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Qsr-ou I/O 
RAMjp-RAMtt I/O 



Figure 2. 12-Bit CPU with Ripple Carry 


OO I/O 1 Qo 

RAMo I/O RAMq 


O4 2 

4 

Qo 

Q3 

RAMo 

RAM3 

tDM29Q1 

P 


OVR 


■ 

F = 0 ■ 


Oj| Qis'/O 

RAM3 |— RAM15 I/O 


pq Go Pi Gi P 2 02 P3 ^3 
IOM29a2 

Cn CARRY LOOKAHEAO 

GENERATOR P 

Cn+x On+v Cn+i 


Figure 3. 16-Bit CPU Using Carry Lookahead 



T0C4 Toca TOC12 


TO C20 TO C 24 TO C28 


TOC36 TOC 40 'rOC44 


Go Po Gi Pi G 2 P2 G3 P3 

P 

I DM2902 

Cn CARRY LOOKAHEAO 

GENERATOR 


Figure 4. 48-Bit CPU Using Multiple Carry Lookahead 
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All "F = 0" outputs are connected together through a 
pull-up resistor; this line is high only if the ALU contains 
all zeroes. Most systems use the "F = 0" line as a "0" flag 
input to the processor status word. The overflow and F3 
pins are meaningful only when twos complement signed 
arithmetic is used. The overflow (V) output is high when 
the result of an arithmetic operation is a number requir- 
ing more bits than are available, causing the sign bit to 
be erroneous. The F3 (MSB of ALU output) is the sign 
of the result in twos complement notation and indicates 
the negative (N) bit, of the processor status word. The 
carry (C) bit of the status word is taken from the most 
significant processor (D-i 2-^15, figure 3) in the string; 
carry interconnections between devices can use either 
ripple carry or carry look-ahead. For ripple carry, the 
carry-out (Cn+4) of each device is connected to the 
carry-in (Cn) of the next most significant device; for 
example, Cn+4 of device D0-D3 connects to Cp of 
D4-D7, Cn+4 of D4-D7 connects to Cn of Ds-D-j'i, 
and so oh for all interconnected devices. 

As shown in figure 5, during shifting, TRI-STATE multi- 
plexers are used to select new input information for the 
"Q" register and RAM; the left/right shift data is trans- 
ferred between devices over bidirectional lines. Figure 5 
shows how twp dual 4-input multiplexers can be con- 
nected to provide four shift modes; in this case, I7 (from 
the I DM2901 A) is used to select the up-shift or down- 


shift multiplexer. In this example, thfe four shift modes 
are defined below; these are followed by a table that 
provides an operating summary. 

Zero On a down-shift, the MSB of RAM is set 

low (logic 0); if the Q register is also 
shifted, the MSB of this register is likewise 
set low. For an up-shift, the LSB of the 
affected register(s) is set low. 

One Same as preceding description for "zero,” 

except the MSB or LSB is set high (logic 1) 
rather than low (logic 0). 

Rotate Single precision rotate — MSB of RAM 
shifts into LSB on a right shift; LSB shifts 
into MSB on a left shift. If shifted, the Q 
register bits are shifted in the same manner. 

Arithmetic Double-length arithmetic shift provided the 
Q register is also shifted. On an up-shift, 
a "zero" is loaded into the LSB of the Q 
register and the MSB of the Q register is 
loaded into the LSB of RAM. On a down- 
shift, the LSB of RAM is loaded into the 
MSB of the Q register and the MSB (Fp = 
sign bit) of the ALU output is loaded into 
the MSB of RAM. (The same bit will also 
appear in the next least significant RAM 
bit.) 


Code 

Source of New Data | 

Shift 

Type 

I7 

Si 

So 

Qo 

Qrt 

RAMo 

RAMn 

H 

L • 

L 

0 

Qn-1 

0 

Fn-1 

Up 

Zero 

H 

L 

H 

1 

Qn-1 

1 

Fn-1 

(Right) 

One 

H 

H 

L 

Qn 

Qn-1 

Fn 

Fn-1 


Rotate 

H 

H 

H 

0 

Qn-1 

Qn 

Fn-1 


Arithmetic 

L 

L 

L 

Qi 

0 

Fl 

0 

Down 

Zero 

L 

L 

H 

Qi 

1 

Fl 

1 

(Left) 

One 

L 

H 

L 

Qi 

Qo 

Fl 

FO 


Rotate 

L 

H 

H 

Qi 

FO 

Fl 

RAMn= RAMn-1 = Fn 

1 

Arithmetic 
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HARDWARE MULTIPLICATION 

In its simplest form, interconnection for an 8-bit by 
8-bit multiplication is shown in figure 6. This configura- 
tion can be easily expanded to 12 bits, 16 bits, or more 
by simply making the proper connections at the LSB 
and MSB of each device in the chain. The scheme shown 
in figure 6 uses the “add-and-shift” technique; thus, one 
clock cycle is required for each bit of the multiplier. For 
each clock cycle, the LSB of the multiplier is examined; 
if the bit is high (logical 1), the multiplicand is added to 
the partial product to generate 'a new partial product. 
The "new" partial product (or multiplicand) is then 
shifted one position towards the LSB and the multiplier 
is shifted in the same manner. The "old" LSB of the 
multiplier is discarded and the cycle is repeated until 
each bit of the multiplicand is used to generate a partial 
product. After each bit-operation is completed, the 
"new" LSB of the multiplier is available at Qg. 


The multiplier is retained in the Q register of the 
IDM2901 and the multiplicand is held in one of the 
file registers (Ra); the partial product is developed in yet 
another file register (Rb). The A-address field inputs 
(figure 1) are used to address the multiplicand in Ra; 
the B-address field is used to address the partial product, 
which resides in Rb. On each cycle, the contents of Ra 
are conditionally added to the contents of Rb and, 
depending on the LSB of the Q register as read from the 
Qq output, both the Q-register and the ALU result are 
shifted one position left. The microinstruction lines for 
each cycle of the operation are as indicated. 

Is/ly/lG “ ^ (left-shift register file input and Q register) 
15/14/13 = 0 (add) 

l2/h/*0 = 1 or 3 (select A/B or 0/B as ALU sources) 






Y 


TO l2 


LOW 

FOR- 

ADD 


Qo 


Q3 

RAMo 


RAIVI 3 


IDM2901 


Cn 


Cn+4 



OVR 



F3 

Cp 


F=0 




QO • 
RAMo 


Q3| 

RAM 3 


Cn+4| 
OVR 
Faj 
F = 0 


Q 


Figure 6. Using Two IDI\/I2901s for 8-bit by 8-Bit Multiply 


The circled numbers in figure 6 refer to steps in the 

multiplication summary that follows. 

1. Input and output pins of the Q register and RAM are 
connected such that the Q register of each 2901 
device can be left or right shifted in unison. Likewise, 
an 8-bit (or n-bit) ALU can be shifted as one integral 
unit prior to storage in the register file. 

2. Source operands of the ALU are determined by the 
LSB output of the Q register; these operands are: 
A/B (add multiplicand to partial product) or 0/B (add 
nothing to partial product). Microinstruction bit I-] 
can select between the operands (A/B or 0/B); bit I-) 
can be directly driven from the LSB-complement of 
the multiplier. 

3. When the "new" partial product appears at the input 
of the register file, it is shifted left by the RAM 
shifter. The LSB of this "new" product is complete 
and is not affected by future operations; accordingly, 
it is output at RAMg, where it is then input to the 
MSB of the Q register. As each cycle is completed, 
the LSB of the product is input to the MSB of the 


Q register; thus, when the operation is completed, the 
Q register contains the least significant half of the 
resulting product. 

4. As the ALU output is down-shifted for each clock 
cycle, the sign bit of the new partial product is input 
to the MSB of the RAM shifter. If overflow has not 
occurred, the F3 flag will correctly designate the sign. 
If an overflow has occurred, the overflow (OVR) 
output is set high and, in this case, the correct sign is 
the complement of F3. that is, F3. In summary, the 
correct sign bit to be shifted into the MSB of the 
partial product is F3 (no overflow) or F3 (with over- 
flow). On the last cycle, when the MSB of the multi- 
plier is examined, a conditional subtraction is per- 
formed — this is because the sign bit of the multi- 
plier carries negative rather than positive arithmetic 
weight: 

(Y = -Yj2' -t- Yj_i 2'-'' -F . . . + Y02O) 

The foregoing scheme will correctly produce a twos 
complement product for all multiplicands and multi- 
pliers in twos complement notation. Figure 7 shows 
the input states of the lDM29Q1s for each step of 
a signed, twos complement multiplication. 
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Initial Register States 
R 


p 

Multiplier 

1 

Multiplicand 

2 

X 

3 

X 


Final Register States 
R 


0 

Multiplier 

1 

Multiplicand 

2 

LSH Product 

3 

MSH Product 


S, F-> 

D 

Description 

Repeat 

Pin States (Octal) 

Jump 

A 

B 

*876 

*543 

*210 

Cn 

Qo 

Q3 

RAMq 

RAM3 

To 

If 

OVA 

Q 

Move Multiplier to Q 

- 

0 

X 

0 

3 

4 

X 

X 

X 

X 

X 



0 B 

B 

Clear R3 

- 

X 

3 

2 

4 

3 

X 

X 

X 

X 

X 



(0-f-B)/2 

(A+B)/2 

B 

Cond. Add & Shift 

n-1 

1 

3 

4 

0 

1 or 3 
h = Q0LO 

0 

- 

RAMq 

- 

F3 V OVR 



(B-0)/2 

(B-A)/2 

B 1 

Cond. Subt. 84 Shift 

- 

1 

3 

4 

1 

1 or 3 
h = Q0LO 

1 

- 

RAMq 

- 

F3 VOVR 



0 V Q 

B 

Move LSH Prod, to R2 

- 

X 

2 

2 

3 

2 

X 

X 

X 

X 

X 




X = Don't Care S = Source F = Function D = Destination 


Figure 7. Twos Complement Multiplication 


BYTE SWAPPING 

Sometimes it is expedient or necessary to swap the two 
halves of a 16-bit word — interchange Dq.? with Dg-iB 
and vice versa. A fast method of implementing the swap 
is to rotate the word in RAM, shifting 2 bits at a time — 
only four shift cycles are required. The same file register 
is selected at both A and B ports; these two values are 
added together with carry-in connected to carry-out, 
producing a single position shift to the right. The ALU is 
then shifted to the right one more position prior to 
storage in RAM. For example, the byte swap of Rq 
would be implemented by repeating the following set of 
conditions four times; 

A=B = 0 ; 1 = 701; RAMq = RAM 15 ; C||m = CouT 

INSTRUCTION FETCH CYCLE 

Generally, execution of a microinstruction begins with 
an instruction fetch cycle. The address of the instruction 
to be fetched {and executed) is held in the program 
counter (PC) and, as the first step, this address must be 
put in the memory address register. Next, the PC is 
incremented to point to the next instruction. The 
instruction obtained from memory Is loaded into the 
program sequencer, which causes a jump to the micro- 
code that executes that particular instruction. The PC 
can be read out and incremented In one cycle by using 
destination code "2" and addressing the PC with both 
the A and B fields. The current value of PC will appear 
on the Y outputs and (PC-H) will be returned to the 
register. For example, if PC is in register 15: 

A=B=15; 1 = 203; Carry-in = 1 

The PC contents will appear at the Y outputs via the A 
port of RAM. On the low-to-high transition of the clock 
pulse, the program counter will be incremented and the 
Y outputs will be loaded into the memory address 
register. During the next clock cycle, memory is read 
and, on the succeeding low-to-high transition of the 


clock, the instruction is put into the instruction register 
of the program sequencer. Only two microcycles are 
required to complete the instruction fetch. 

FILE EXPANSION 

In certain applications, the sixteen registers contained 
within the I DM2901 are insufficient; thus, the number 
of registers must be expanded. The expansion is easily 
implemented via the I DM29903 addressable D register 
file. As shown In the I DM29903 data sheet, the device 
consists of sixteen 4-bit words; each word can be read 
asynchronously or written into on the next clock 
transition. Figure 8 shows the I DM2901 and the 
I DM29903 connected together to provide a file that is 
32 words deep. As shown by the "file enable" logic 
and the "expansion interface" connections, it is easy 
to see how further expansion can be achieved. There 
are several possibilities which could be used for address 
decode of this 32-word file. The most versatile decod- 
ing system is simply to implement separate addresses 
for each file, that is, discrete A and B address fields 
for the I DM2901 and a separate address input for the 
IDM29903. As shown in the following sequence, ex- 
tending the number of file registers allows round-robin 
shifting of information from one device to the other; 
thus, interfile data management is easily accomplished. 

Assume the following file location: 

Rq through R15 are in IDM2901 
Rib through R31 are in IDM29903 

Then: 

, 1 . R0-15 + Bo-15 Bo-15 

2. RO-15 + Bo-15-^Bi6-31 

3. R16-3 I + Bo-15-*- Bo-15 

4- R16-3I 60-15-* B16.31 

5. R16-3 I ■*Ro-15-*Q 
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In the configuration shown in figure 8, single-cycle shifts 
do not work, except that Rq-IS can be right-shifted or 
left-shifted. Other shifts can be performed by making a 
transfer to the Q register, shifting, and then transferring 
back to the R 15.31 registers. 


If system requirements prohibit the use of separate 
address decodes, common address decoding (figure 9) 
can be used; in this case, two 5-bit address fields are 
obtained via the IDI\/129751 and a 2-to-1 multiplexer is 
used to control the A/B address fields of the 2901. 



Figure 8. File Expansion Using Separate Address Fields for Each 16-Word File 
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USING THE IDM2909A/11A IN A 
COMPUTER CONTROL UNIT 

Introduction 

In any digital computing system, the Micro Control Unit 
(MCU) is almost always the most complicated subsystem. 
The MCU controls and supervises all bus activity, synch- 
ronizes internal and external events, and grants or denies 
access to peripherals and other external systems. Because 
of these many and varied duties, the MCU is complicated 
in concept, design, and implementation. The IDM2909A/ 
1 1A Microprogram Sequencer provides an excellent tool 
for overall simplification of these parameters. 

Computer Architecture 

Typically, the architecture of most modern-day com- 
puters is as shown in figure 10. A common data bus is 
used; instructions, address operands, data, and other 
Information is sent over this bus under the direction of 
a microprogram. The series of instructions within each 
microprogram selects the source of data and also the 
destination. Although only one data bus is shown in 
figure 10, a complicated system may contain several 
busses - each under control of the MCU. 


The address bus in figure 10 is used to select a memory 
word for some internal function, or to select an input/ 
output port for an external subsystem or peripheral. 
Data sources for the address bus can be the program 
counter, the memory address register, a direct memory 
address controller, an interface controller, or other; 
these functions are also under control of a microprogram 
command. 

The arithmetic/logic unit (ALU) is that part of the 
processor that does the computational work. With a 
complex ALU, a large number of arithmetic and logical 
functions can be performed. As a minimum, the ALU 
must perform the arithmetic functions "A+B," “A-B," 
and "B-A"; usually, these functions can be performed 
in both fixed point and twos complement binary form. 
The minimum logical functions performed by the ALU 
are; "A OR B," "A AND B," and "A EXCLUSIVE-OR 
B." The arithmetic and logical functions are both imple- 
mented by the same circuit configurations — the 
difference being in gating. Besides the arithmetic and 



Figure 10. Generalized Computer Architecture 
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logic capabilities of the ALU, shift and rotate functions 
are also implemented as part of the basic instruction set. 
When an arithmetic or logical operation is performed by 
the ALU, a set of condition codes result. These condi- 
tion codes include such variables as carry out, A = B, the 
sign bit, result equals zero, and so on. Along with other 
status information, these condition codes are stored in 
a register for later use by the programmer or micro 
control unit. 

Third-generation processors also provide for a general- 
purpose register set that is available to the programmer 
to be used to hold variables that are used often — passing 
arguments to subroutines, referencing memory indirectly, 
and so on. Depending on the architecture of the machine, 
the general-purpose registers may be selected directly 
from the operands in the instruction register, from an 
address in the microprogram store, or one of the two 
sources as determined by a bit in the microprogram 
store. 

The program counter and the memory address register 
are the two main sources of input to the address bus. 
The program counter contains the address of the next 
instruction or instruction operand that is to be fetched 
from main memory, and the memory address register 
contains instruction address operands that are necessary 
to fetch the data required for the execution of the 
current instruction. When exiting a subroutine, a subrou- 
tine address stack is provided to allow for easy handling 
of the return address linkage. The address stack is a 
last-in/first-out stack that is controlled by a jump-to- 
subroutine, PUSH, or a return-from-subroutine, POP, 
instruction from the MCU microprogram word. 

In micro- and mini-computer systems, main memory 
consists of RAMs, ROMs, or more generally a combina- 
tion of both. Typically, random access memories (RAMs) 
are slower than the micro control unit and the arithmetic 
logic unit. On the other hand, read only memories 
(ROMs) may be much faster than circuits within the 
MCU. Peripheral devices and multiprocessing systems 
present the same type of speed-interface problems; also, 
the MCU must contend with synchronizing events that 
occur asynchronously. 

Control Sequence 

The MCU contains an instruction register, micro-program 
storage, and usually a microprogram register. The initial- 
ization, fetch, and execute phases for a typical micro 
control unit are shown in figure 11. Regardless of system 
size and complexity, an initialization sequence is 
required to put control and storage elements in a known 
state such that control functions can be implemented in 
an orderly manner. For example, registers, condition 
codes, flags, and carry /link flip-flops are preset to a logic 
1 or cleared to a logic 0. Likewise, it is sometimes neces- 
sary to initialize stack registers and/or main memory. 
The initialization process must be closely supervised to 
prevent alteration or damage to peripheral interfaces; 
furthermore, clock pulses must be withheld from the 
system until the initialization process is complete. 

Usually, the initialization phase (1, figure 11) is started 
in one of three ways: (1) application of system power, 
(2) a "master reset" that is programmed or implemented 
by the operator, and (3) a detected error that cannot be 
corrected by the program. In a power-up generated 
initialization sequence, care must be given to the circuits 


that detect the event and generate the timed reset signal; 
the operating sequence should not start until the entire 
power system is stable. Furthermore, since some equip- 
ment and components may be damaged if they require 
multiple voltages that are not applied in the proper 
order, the MCU is often used to sequence the enabling 
of power supplies. 

In state 2 of figure 1 1, an instruction is fetched from the 
specified memory location and loaded into the instruc- 
tion register. During state 3, the program counter is 
incremented and the previously fetch instruction is 
decoded. If another operand is required for the current 
instruction, state 3 is repeated and the various operands 
are loaded into the appropriate register. This process 
continues until the requirements of the instruction have 
been met. 

In state 4, the macroinstruction is executed. As in all 
of the other states, the instruction execution state may 
require one or more microinstruction cycles. After 
completing state 4, the MCU returns to the fetch phase 
and continues to fetch-and-execute the programmed 
microcode. 



INITIALIZATION 

SEQUENCE 



Figure 11. Initialization, Fetch, & Execute Phases ter a Typical 
Microcomputer 


Architecture of the Micro Control Unit 

Basic components of the MCU are functionally shown in 
figure 12. The instruction register receives the instruc- 
tion from main memory via the data bus; to minimize 
system overhead, the registers, main memory, and data 
bus are all of the same width. An instruction is broken 
down Into two or more fields: the "Op Code" and one 
or more operands. The Op Code (Operation Code) is the 
instruction, whereas the operands are data used by the 
micro control unit in the execution of the instruction. 
For example, an operand might be the number of a 
selected register, a variable to be compared to the 
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accumulator, the address of an input/output port, and 
so on. Because the operand may be used as data, it must 
be presented to the data bus via an open-collector or 
TRI-STATE device; the Op Code and its subfields must 
also be distributed to the ALU and various other 
registers. 

Usually, a macroinstruction contains more than one 
microinstruction; also, different classes of macroinstruc- 
tions almost always require a different number of micro- 
program steps. In figure 12, some hardware can be 
eliminated by using the Op Code as the starting address 
of the microprogram ROM. This technique is not recom- 
mended simply because it is wasteful and inflexible; also, 
the entire system is affected by changes in the instruc- 
tion set or the microprogram. To avoid these problems, 
a mapping ROM can be used. 

To allow a greater range of starting addresses for the 
microprogram ROM, the output of the mapping ROM 
could be wider than the Op Code field that is used as the 
address input. Because ROM/PROM field widths are 
typically 4 bits or 8 bits wide, a reasonable choice for an 
8-bit Op Code is a mapping ROM that is 12 bits wide. 
The starting address, as specified by the mapping ROM, 
is loaded into the microprogrammer counter which 
points to the first microinstruction in the microprogram 
ROM. When the output of the microprogram ROM 
stabilizes, it is loaded into the microprogram register. 

The use of the microprogram register In this manner is 
called pipelining. The pipeline technique Improves the 
overall machine speed by allowing the address of the 


microprogram ROM to be changed and its output to 
settle while the current microinstruction is being exe- 
cuted. The microprogram sequence controller in figure 
18 performs two basic functions: (1) synchronizes 
external events, and (2) uses the output of the test 
condition multiplexer to determine whether or not 
microprogram branches, ]umps-to-subroutine, and 
returns-from-subroutine are to be made. 

External signals of the microprogram sequence controller 
can be grouped into five categories: supervisory, condi- 
tion codes. Initialization, synchronization, and 
Interrupts/clocks. The supervisory signals include "Run," 
"Halt," and "Pause." "Run" is a latched signal that 
enables the clock to the entire system. "Halt" disables 
the system clock and is only recognized during the 
instruction fetch microcycle; this is a latched signal. 
"Pause" is a level provided to the controller from an 
outside processor to temporarily suspend MCU control 
so that the external processor has uncontested access to 
resources of the computer. 

Condition codes are stored in the program status word 
register and presented to the test condition multiplexer, 
where any of the codes may be selected by one of the 
microprogram fields in the microprogram register. If the 
condition code Is true (logical 1), the output of the test 
condition multiplexer will enable a branch instruction in 
the microprogram. The condition codes are loaded into 
the program status word register after every ALU opera- 
tion or interrupt request. 



Figure 12. Basic Components of Micro Control Unit 
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Initialization lines include "Power-Up Reset" and 
"Master Reset" — these signals have been previously 
described. Synchronization lines include "Operation 
Request" and "Operation Acknowledge" — OPREQ and 
OPACK. These signals are used to synchronize external 
events whose speed is slower than that of the MCU. For 
example, when the MCU issues a memory reference 
instruction, an OPREQ signal is generated and, although 
the system clock continues to run, it is effectively dis- 
connected from the micro control unit. Once the 
addressed memory has accessed the data and performed 
the read or write operation, it generates the OPACK 
signal; thus, the system clock is enabled to the MCU. 
When the memory or input/output cycle times are 
known and can be controlled, the MCU clock period can 
be adjusted to preclude the requirement for synchroniz- 
ing signals. 

An interrupt may occur at any time; however. It is 
normally recognized only during an instruction fetch. 
When the interrupt is recognized, the priority encoded 
interrupt vector is put into the program status word 
register and the microprogram ROM is updated with 
the address of the interrupt service routine. When the 
interrupt has been serviced, a return to the resident pro- 
gram is made via the previous program counter value. 

MCU Instructions 

There are two types of instructions recognized within 
the MCU — machine language or macroinstructions, and 
random logic replacement or microinstructions. Macro- 
instructions reside in main memory, are fetched and 
loaded into the instruction register, and then are 
decoded into microinstructions which directly control 


resources of the computer. Two different types of 
macroinstructions are shown in figure 13. The register- 
to-register instruction consists of an 8-bit Op Code and 
two 4-bit operand fields; the branch-on instruction also 
consists of an 8-bit Op Code but the eight least signifi- 
cant bits define an 8-bit displacement address. In the 
register-to-register instruction, the operand defines the 
source and destination registers (A and B), that is, the 
result of an arithmetic/logic function using registers A 
and B will be stored in register B. In the branch-on 
Instruction, the condition of the branch is implicit in 
the Op Code; the sum of the current program counter 
address and the displacement address will be stored in 
the program counter if the selected condition is logically 
true. 

The vyord format for a typical microinstruction is shown 
in figure 13. The four least significant bits (Bq-S) 
define the type of microinstruction (SEQUENCER 
FUNCTION) that is being executed. The second 4-bit 
field selects the "BRANCH CONDITION" (if the micro- 
instruction is a branch instruction); two 1-bitfields may 
enable the interrupt and pause functions if the micro- 
instruction is an instruction fetch command and disables 
the interrupts at all other times. The third microinstruc- 
tion field is composed of two 3-bit subfields which are 
used to define the source and the destination of data 
(DATA BUS CONTROL). Depending upon the micro- 
instruction function, the remaining 12bit field is 
defined. either as an arithmetic logic unit control field or 
as a microprogram branch address field (ALU & BRANCH 
ADDRESS BITS). There are various methods of mapping 
microinstruction control fields; however, for implemen- 
tation of these fields in the examples that follow, the 
"ALU and Branch Address" is used. 
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Figure 13. Macro- and Micro-Instruction Fields 
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Implementing en MCU Using an IDM2909A 

The I.DM2909A address controller permits the designer 
to use the very latest in microprogramming techniques — 
microbranching, microsubroutines, and repetitive micro- 
instruction execution. Instead of using sequential 
circuits which must be parallel loaded and sequentially 
incremented with separate clock pulses, the IDM2909A 
uses a combinational incrementer whose output is trans- 
ferred to the microprogram counter on the rising edge of 
the clock pulse. As indicated in the data sheet (Part 1 
of this manual), the primary function of the IDM2909A 
is to present an address to the microprogram ROM such 
that a microinstruction may be fetched and executed. 
The address inforrhation is available from any of four 
sources — an Address Register, a Microprogram Counter 
Register, a Direct or Branch Input, and a Subroutine 
Stack. The address source (figure 14) is chosen by using 
the one-'of-four address multiplexer select lines, Sq and 
S']. The selected address can then be modified by the 
OR input lines or forced to zero before it is presented 
at the Y address output lines through a TRI-STATE 
buffer. 

The OR input lines can be used in either of two ways. 
Selected OR inputs can be set to a logical 1; this will 
provide the logical OR of the selected address source 
and the OR input lines at the Y output — in this config- 
uration the address can be "masked." If a microprogram 
instruction of the SKIP or BRANCH classes is being 
executed and the microinstruction is aligned on an even 
address microprogram ROM word (the least significant 
address bit equals 0), then the least significant OR input 


may be controlled by an external test condition multi- 
plexer. If the result of the conditional test is logically 
false (logical 0), then the least significant bit can be 
modified to avoid the execution of the BRANCH or 
SKIP instruction. For such functions, all unused OR 
inputs must be tied to ground; similarly, if the 2, 3, 4, 
or n least significant bits of the selected address are 0, 
the associated OR input lines can be modified for an 
Extended address range skip capability. 

It is often desirable to get to a predefined state, of 
address. For instance, if the machine has just been 
turned on and it is necessary to perform an initialization 
sequence or a realtime event occurs where the processor 
control is required but the ongoing process information 
may hot be destroyed, such as an interrupt, the OR 
inputs may be used. All of the OR inputs must be con- 
nected to the output of a positive logic gate so that 
when the event occurs the output of the gate goes to a 
logical 1, as do the Y output address lines. The ZERO 
input provides a similar capability, but it must normally 
be held at a logical 1 and only "pulled down" to 0 when 
the event occurs ~ causing all of the address output 
lines to go to 0. 

For automatic testing of the memory and register system, 
the TRI-STATE output buffer that drives the Y lines 
can be used. That is, if the buffer output control (OE) 
is disabled, the Y lines are set to the high-irnpedance 
state which allows output lines of the automatic tester 
to be connected directly across the outputs. 



CiN COUT 

Figure 14. Functional Architecture of IDM2909A 
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The address register (as well as other storage devices of 
the IDM2909A) is parallel loaded from the R inputs 
when the register enable line (RE) is low on a positive- 
going clock transition. When entering the starting 
address of a microprogram, this is the ideal register to 
use because its contents are not only presented to the 
Y outputs, but also to the incrementer. The incrementer 
is an adder provided-with an off-chip carry-in signal (Cp) 
and an off-chip carry-out signal (Cout)' accordingly, 
several IDM2909A devices can be used in a cascade 
arrangement. The output from the incrementer is con- 
nected to a parallel load input on the microprogram 
counter register where it is loaded on the rising edge of 
the next clock pulse. If the microprogram counter is 
selected as the source address by subsequent microin- 
structions, it will be incremented by each succeeding 
clock pulse, thereby stepping through the microprogram. 

As previously indicated, it is sometimes necessary (and 
often desirable) to provide a branch instruction and a 
branch address in a microprogram instruction. In such 
cases, data lines from the branch address field in the 
microinstruction can be feedback-connected to the data- 
direct (D) inputs of the IDiVI2909A; the source address 


multiplexer can then select the branch input as the next 
microinstruction address. On the next clock pulse, the 
address is incremented and stored in the microprogram 
counter register. 

The push/pop, or last-in/first-out (LIFO) stack, provides 
the microprogrammer with the same flexibility in sub- 
routine execution that machine language programmers 
have. A 4-by-4 file whose address is controlled by a 2-bit 
up/down counter allows 4-deep nesting of microsub- 
routines. A push/pop control signal (PUP) determines 
whether the function being performed is a jump-to- 
subroutine (PUSH) or a return-from-subroutine (POP). 
When the file enable control line (FE) is low, the push/ 
pop command is executed on the rising edge of the next 
clock pulse. After the subroutine is completed, a return 
to the address immediately following the jump-to- 
subroutine instruction is accomplished by selecting the 
stack as the source address and simultaneously executing 
a POP command. 

One method of implementing the hardware shown 
in figure 12 is a configuration such as that in figure 15. 
Two I DM29901 octal edge-triggered flip-flops with 



Figure 15. Using the IDM2909A to Implement a Computer Control Unit 
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TRI-STATE outputs (designated U-) through U4) make 
up the 16-bit instruction register. The most significant 
(U -1/1)2) registers contain the Op Code, whereas the 
least significant (U3/U4) registers contain the operand 
field. The TRI-STATE outputs from the Op Code 
register are connected to the address input of the 
mapping ROM. If, as shown, the output enable (OE) is 
held low by pulling up an inverter, troubleshooting and 
automatic testing of the system can be simplified 
because the tester has control of the memory system. 
The buffered output for the operand field Is fed back to 
the eight least significant bits of the data bus for other 
register-modification purposes. In some applications, the 
Operand field for ALU functions will be used as two 
4-bit subfields to specify a source register (Ra) and a 
source/destination register (Rb)- In fact, this arrange- 
ment works extremely well if the IDM2901A micro- 
processor is used. The active TSL outputs are used for 
Ra and Rb data. 

The two mapping ROMs are connected with common 
inputs but separate outputs. This memory configuration 
produces 256 words and a possible unique 16-bit address 
for each Op Code. There is considerable design flexibility 
and it is also easy to add additional instructions at a 
later time. The outputs of the mapping ROMs (or 
PROMs) connect to the register address inputs of the 
IDM2909jA (or IDM2911A) microsequencers; in turn, 
the outputs of the sequencers specify address data for 
the microprogram ROMs. A recommended part type is 
shown for the region described as the microprogram 
storage. Since the 2909A or 2911 A sequencer solution 
contains 12 addressing output bits, the size of this 
storage can grow to 4096 words before the microcon- 
trol design must be modified. Almost any number of 
PROMs may be used for a system design since the 
application will dictate the number of words and the 
width of the word to be used in the microprogram. 

As shown in figure 15, the microprogram register Is split 
— one ROM (or PROM) providing special-function 
control, bus control, and ALU control, while the left 


side provides next state control and the possible next 
state jump address or ALU control. In this configuration, 
the starting address from the mapping ROM is loaded 
into the Internal register of the sequencer at some time 
before it is needed. Alternately, the direct inputs of the 
sequencer can be used; this method permits a single- 
cycle branch to the starting address. 

The control bit fields for the ALU supervise all external 
gating and bit manipulation, whereas the other control 
fields provide source/destination bus control. Whenever 
the processor is running, the TRI-STATE output enable 
lines are held low, enabling the output. 

If a "Pause" is implemented (a DMA function as an 
example), the outputs are disabled so that an external or 
peripheral processor can gain access to the control line. 

Depending upon the application, the sync and enable 
logic can be relatively simple or it can be very complex. 
On the one hand, these circuits must satisfy the control 
requirements of the IDM2909A sequencer and the 
IDM2901, and on the other hand, they must provide 
the proper interface with externally-generated control 
signals. For the most part, internal control (within the 
MCU) is handled by decoding of the functions shown in 
figure 16. 

The ability to execute the same microinstruction a 
number of times was mentioned earlier; technically, 
the value of this capability lies outside the micro control 
unit. For example, consider the rnacroinstruction format 
for a register-to-register instruction as shown in figure 19. 
If the Op Code is a Shift or Rotate instruction, it is 
desirable for the programmer to move the data word’ 
over a range of 1 to 16 bit positions with a single instruc- 
tion rather than multiple execution of the same instruc- 
tion. If the two operand subfields (Ra and Rb) are 
defined as Ra equals the number of bit positions the 
data is to be moved and Rb as the affected register, it 
is easy to see how this function can be implemented. 
(Additional hardware requirements are shown in figure 
17.) 
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Test Condition Enabled and True Test Condition Disabled or False 


Microprogram 

Sequencer 

Function 

A4 A3 A2 Ai Ao 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 1 1 

0 0 10 0 

0 0 10 1 

0 0 110 

0 0 111 

0 10 0 0 

0 10 0 1 

0 10 10 

0 10 11 

0 110 0 

0 110 1 

0 1110 
0 1111 

1 0 0 0 0 

1 0 0 0 1 

10 0 10 

10 0 11 

10 10 0 

10 10 1 

10 110 
10 111 


Microprogram Sequencer Control 


Function Description 

Initialize System 
Branch Test 

Jump to Subroutine Test 
Return from Subroutine 

Execute Program 
External Carry Control 


This Group Undefined 


Load Mapped (Starting) Address 
Fetch Instruction 

This State Undefined 
Execute Branch 
Execute Jump 
Execute Return 


07 

06 

O5 

O4 

O3 

O2 

Ol 

Oo 

TEST 

ENABLE 

OR 

ZERO 

C|N 

RE 

FE 

SO, 

PUP 

Si 


J 1 0 1 1_ 

1110 0 


This State Undefined 


11110 

11111 


Service Interrupt or Pause 


H H H H H X lx 


Value of this bit depends on logic implementation. 

Figure 16. Function Table for IDM2909 (or IDM2911) Microprogram Sequencer 



Figure 17. Example of Interactive Microinstruction Control 
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SPEED ENHANCEMENT OF BIPOLAR BIT-SLICE 
MICROPROCESSOR SYSTEMS 

Review of Critical Timing Paths 

In order to identify potential areas for speed improve- 
ment, it is helpful to review the critical timing paths In 
a typical bipolar microprocessor. First, consider the 
simple system organization shown in figure 18. In this 
system, the address register is clocked at the beginning 
of the microcycle. When the microinstruction is valid 
at the ROM output, two basic paths must be considered. 
One path consists of accessing data from the registers, 
propagation through the ALU, and storing the result in 
a data register and a status register. The other path 
involves the test condition multiplexer and sequence 


controller. Typical timing for such a system is shown in 
figure 19. After the microinstruction is valid, the two 
paths are indicated by arrows. In a typical system design, 
the minimum microcycle period is limited by the delay 
path through the registers and ALU — shown as "ALU 
Results May Be Clocked" in figure 19. 


If the path delays are such that the sequencer output is 
valid before the path through the registers and ALU has 
stabilized, a modification to the system shown in figure 



Figure 18. Simplified Block of Microprogrammed Processor 



Figure 19. Typical Timing Diagram for Microprogrammed System Shown in figure 18 


23-86 




18 can provide improved performance. Such a modified 
system with typical timing is shown in figure 20 — this is 
frequently called a pipelined organization. The name 
results from the fact that while one microinstruction is 
being executed, another microinstruction is simul- 
taneously being accessed. A register is added to the 
output of the ROM and the address register which was 
used to hold the output of the sequencer logic is not 


used. The clock causes the next microinstruction to 
appear at the output of the microprogram register. The 
sequencer output is allowed to access the rpicroprogram 
ROM to fetch the next microinstruction while the data 
is propagating through the registers and ALU. In this 
way, the access time of the ROM may be overlapped 
with the execution of the microinstruction by the 
registers and ALU. 




Figure 20. Pipelined Organization with Typical Timing 


Predicting Test Condition Results for 
Higher Performance 

In order for the pipelined organization of figure 20 to 
provide a performance advantage over the simple system 
shown in figure 18, the delay path through the sequencer 
and microprogram ROM must be faster than the path 
through the registers and ALU. In the timing diagram of 
figure 20, the sequencer output is valid early enough for 
the total access time of the ROM to be overlapped, that 
is, the ROM access time does not influence the required 
duration of the microcycle period. To satisfy this condi- 
tion, the sequencer logic must be relatively high speed, 
and most importantly, the test condition multiplexer 
inputs must be valid at an early point in the microcycle. 
The latter requirement is quite unfortunate, since it 
implies that test conditions based upon the result of 


ALU operations In the current microcycle may not be 
used. This forces the user to either provide more status 
register bits {the status register outputs contain the 
results of operations performed on earlier microcycles) 
and/or execute an additional microinstruction In order 
to perform an operation and test the result. Thus the 
consequences of not permitting test conditions based 
upon the result of the current ALU operation cost the 
user both additional hardware and execution time. 

An effective solution to this problem is to design the 
system so that the sequencer logic is conditioned on the 
basis of a predicted value for the test condition multi- 
plexer output, and the ROM is accessed on this assump- 
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tion. After the ALU result is stable and has propagated 
through the test condition multiplexer, the predicted 
value of the multiplexer output is compared with the 
actual value of its output. If the predicted value was 
correct, the next microinstruction in sequence (i.e., the 
one which was being accessed) is executed. On the other 
hand, if the predicted value of the test condition multi- 
plexer is different from the actual value, the conditioning 
of the sequencer logic is modified correspondingly, and 
the time duration of the microcycle Is extended in order 
to allow time for the modification to propagate through 
the sequence controller logic and access the ROM. 
Since the microprogrammer can frequently predict the 
results of test conditions with a frequency of success 
that is much better than 50%, a relatively small fraction 
of the microcycles must be extended. Two examples 
that illustrate where the programmer can, with a high 
degree of success, predict results of a test condition are: 

• Testing for a stack overflow condition. The stack 
pointer (contained in an internal register) Is compared 
with a boundary value (contained in another register). 
It is of course extremely infrequent that the result of 
this test indicates an overflow condition in normal 
circumstances. 

• Test of a loop counter. In a microprogrammed multi- 
ply or divide algorithm, a loop counter must be tested 
on each pass through the loop. Fora 16-bit machine, 
the test would typically be performed 16 times but 
the result could be accurately predicted 15/16 of 
the time. 

Variable Microcycle Period 

As was discussed earlier, the delay through the registers 
and ALU is typically the path which limits system per- 
formance. The magnitude of this delay can vary con- 
siderably depending upon which micro-operation 
is being performed. Table 1 lists a variety of operations 
together with the microcycle period requirements for a 
pipelined system which was designed to use the recently 
announced I DM2901. Note that the longest operation 
requires about 75% more execution time than the 
shortest operation (this percentage difference Is even 
greater for a system using the first generation version of 
the 2901)., 


Table 1. Microcycle Period Requirements for Various Operations 
Using a Pipelined System 


Operation Performed 

Microcycle Time (ns) 

Logic operation; status regis- 
ter not modified; no test of 
result 

98 

Arithmetic operation; status 
register not modified; no 
test of result 

133 

Add and shift; status register 
not modified; no test of 
result 

172 

Multiply cycle; Qq used to 
determine h of 2901 

172 

Arithmetic operation; status 
register modified; no test of 
result 

169 

Arithmetic operation; status 
register not modified; result 
used as test condition (no 
extend caused by incorrect 
prediction) 

165 


The most straightforward design approach is to simply 
calculate the worst case time period, and design the 
clock generator circuit to provide that time for all 
operations. It is evident that a speed improvement would 
be obtained If the clock generator could be programmed 
to modify the microcycle period in accordance with the 
requirements of the operation which is to be performed. 
If the operations which establish the worst case time 
period are performed relatively Infrequently, then the 
system performance improvement which can be achieved 
by programming the microcycle period is greater than 
might first be imagined. 

Examples of Performance with Various System 
Configurations 

In order to illustrate the performance which results from 
the various system organizations described above, it is 
helpful to present numerical values which were obtained 
from a design study. Five system organizations were 
considered. The systems were evaluated based upon the 
time required to execute a variety of instructions typical 
of those used by a minicomputer. These results are 
useful for gaining an insight into the performance which 
may be obtained for a particular type of system organ- 
ization. Obviously, the results of these studies are 
dependent upon component specifications — ROMs, 
registers, gates, and LSI devices. Thus, when choosing 
an organization for a new system design, the designer 
should perform a similar analysis using specifications of 
available components in order to make realistic decisions 
of cost versus performance. 

System 1: This system was equivalent to that shown In 
figure 18. It was a non-pipellned organization and test 
conditions were based upon results of operations per- 
formed on the previous microcycle. A fixed microcycle 
period of 225 nanoseconds was used; this period was 
necessitated by the multiply instruction. 

System 2: This evaluation was based on a "'pipelined" 
system organization similar to that shown in figure 20. 
Test conditions were based upon results of previous 
microcycles and a fixed microcycle time of 172 nano- 
seconds was used. The pipelined organization allows the 
microcycle period to be reduced by 48 nanoseconds less 
than the cycle time for System 1. 

System 3: This system was the same as System 2 except 
that test conditions based upon results of the current 
microcycle were used and the technique of predicting 
test condition results was utilized. The microcycle 
period was fixed at 172 nanoseconds. The time necessary 
for the result of the current operation to propagate 
through the test condition multiplexer and determine 
whether an extended cycle was needed did not require 
a longer period than the 172 nanoseconds established by 
the operation needed by the multiply instruction. An 
extended cycle adds 86 nanoseconds (one half micro- 
cycle) to the normal microcycle period. 

System 4: This system was the same as System 2 except 
that a variable microcycle period was used. Test condi- 
tions were based upon the results from the current 
microcycle; however, no prediction of test conditions 
with an extended cycle for incorrect prediction was 
performed. Instead, those microinstructions which 
required more time to allow for propagation of the 
result through the test condition multiplexer and 
sequence controller were simply programmed to be of 
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longer duration. Microcycle periods of either 103, 137, 
172, or 206 nanoseconds could be used depending upon 
the needs of each microinstruction. A conditional 
branch based upon the result of an arithmetic operation 
requires 235 nanoseconds with this system organization. 
This time exceeds the period of the longest available 
microcycle (206 nanoseconds). However, the condi- 
tional branch may be executed with adequate time 
margin by repeating the arithmetic operation on two 
successive microcycles; one of 130 nanoseconds 
followed by one of 137 nanoseconds — a total of 240 
nanoseconds. Although this approach of repeating the 
arithmetic operation may require more microcode loca- 
tions, it does offer even greater flexibility in tailoring 
the microcycle period to the needs of the operation 
being performed. 

System 5: This system combines the techniques used in 
Systems 3 and 4. Variable length microcycles (103, 137, 
172, or 206 nanoseconds) could be used. The technique 
of predicting test condition results was used and, when 
the cycle was extended due to an incorrect prediction, 
an additional 86 nanoseconds were added. 

Table 2 shows the instructions typically used in a mini- 
computer that is configured in one of the foregoing 
system organizations. The execution times specified in 
table 2 for each instruction type were derived by using 
the execution time of System 1 as a baseline reference. 
The relative execqtion speed for each of the five systems 
can best be appreciated by examining the data given in 
table 3. 


The instructions (described below) were chosen for a 

variety of reasons: 

1. LD, JMP, and ST (Load, Jump, and Store) were 
chosen because they are among the most frequently 
used instructions, and thus are ones for which execu- 
tion time optimization is quite important. Since 
these instructions do not involve test conditions 
based upon results of ALU operations, note that the 
technique of prediction does not improve the execu- 
tion time. 

2. JSR and BOC (Jump to Subroutine and Branch on 
Condition) are frequently used instructions. They 
were chosen in order to illustrate the advantages of 
prediction of test condition results. For JSR, it was 
assumed that the test condition result was always 
predicted correctly (i.e., no stack out of bounds 
occurs). For BOC, it was assumed that the test condi- 
tion result was predicted correctly 50% of the time. 
The two values given for BOC correspond to the cases 
where: (a) there is no branch and (b) the branch 
occurs. 

3. ADD and MOVE were chosen primarily because they 
are used by some as a figure-of-merit for machine 
performance. The figure shown for MOVE is the time 
needed for each pass through the loop which reads 
data from one location in memory and stores it in a 
second location. The advantage of the technique of 
prediction of current test conditions from previous 
microcycles does not show up in the figures shown by 
JSR and MOVE. This is because it was possible to 


Table 2. Instruction Execution Time (ns) with Various System Organizations 


System Organization 

Instruction Type 


LD, 

JMP, 

&ST 

JSR 

BOC 

ADD 

Loop for 
MOVE 

System 1 - non-pipelined; 

test condition from previous jncycle 

920 

1610 

920 or 
1150 

920 

920N 

System 2 - pipelined; no prediction; 
test condition from previous /tcycle 

688 

1204 

688 or 
860 

688 

688N 

System 3 - pipelined with prediction; 
test condition from current /jcycle 

688 

1204 

559 or 
731 

688 

688N 

System 4 — pipelined; no prediction; 

variable length fjicycle; 

test condition from current /jcycle 

480 

960 

482 or 
619 

549 

617 

System 5 — pipelined with 
prediction and variable ^icycle length 

480 

892 

412or 

549 

549 

549N 


Note; The reason JSR & Loop for MOVE don't improve with System 3 is that a way was found to write a 
code without an extra cycle. 


Table 3. Relative Instruction Execution Rate with Various System Organizations 
(Execution speed as a speed improvement factor of System I) 


System Organization 

Instruction Type | 

LD, 

JMP, 

&ST 

JSR 

BOC 

ADD 

Loop for 
MOVE 

System 1 - non-pipelined; 

test condition from previous jucycle 

1.0 

1.0 

1.0 or 
1.0 

1.0 

1.0 

System 2 — pipelined; no prediction; 
test condition from previous /icycle 

1.34 

1.34 

1.34 or 
1.34 

1.34 

1.34 

System 3 — pipelined with prediction; 
test condition from current ^icycle 

1.34 

1.34 

1.64 or 
1.57 

1.34 

1.34 

System 4 — pipelined; no prediction; 

variable length jjcycle; 

test condition from current )ucycle 

1.91 

1.67 

1.91 or 
1.85 

1.67 

1.49 

System 5 — pipelined with 
prediction and variable picycle length 

1.91 

1.80 

2.23 or ! 
2.09 

1.67 

1.67 
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write the microprogram with the same number of 
microinstructions for both systems. This was not the 
case with BOC, where an additional microinstruction 
was needed in order to conform to the requirement 
that test conditions be based upon results of the 
previous microcycle with System 1 and System 2. 

Conclusions 

Execution time calculations were made for a system 
where the macro-level instructions and data are stored in 
a (main) memory with very fast access time. Thus, it is 
assumed that it is not necessary to extend the clock 
cycle when reading from main memory. Although this is 
frequently not a valid assumption, it was necessary in 
order to simplify the presentation of results. If the 
memory access time is significant (say, greater than 200 
nanoseconds), the relative improvement which can be 
obtained with the system organizations described here 
is somewhat less impressive. This is because the main 
memory access time may be overlapped to a greater 
extent with the system organizations having longer 
microcycle times. The overlapping is particularly impor- 
tant for those instructions which make multiple memory 
references, that is, LD and ST instructions require two 
memory reads, whereas the JMP instruction requires 
only one memory read. Conclusions may be drawn 
based upon a study of the results presented in table 3. 
Observe that the technique of using a variable micro- 
cycle period provides an impressive improvement in 
performance. Of course, this is a direct result of the 
fairly wide range of time intervals required for the 
various micro-operations presented in table 1. When the 
micro-operations which are performed most frequently 
can use the short execution cycle, the performance 


gained from the variable microcycle period has the most 
impact on overall throughput of the machine. When 
designing a machine with variable microcycle periods, 
the clever designer will concentrate his efforts toward 
speed optimization for the most frequently performed 
micro-operations. It may be possible to save hardware 
costs by allowing the microcycle time required for the 
Infrequently performed operations to be longer. Thus, 
the variable-length microcycle approach to design offers 
design freedom which can possibly reduce costs as well 
as improve performance. 

Timing Generator Design Example 

A timing generator which has been designed to meet 
the general objectives discussed in the preceding para- 
graphs is shown in figure 21. This circuit generates one' 
of two clock intervals (oscillator period x 4 or x 6) under 
microprogram control. A variation of this basic idea but 
providing a choice of four clock periods (4, 5, 6, or 7 
times the basic oscillator period) is shown in figure 22. 
The circuit also provides for comparing the output of 
the test condition multiplexer with a predicted value 
(from the microprogram ROM). If the actual test multi- 
plexer output does not match the predicted value, the 
clock period is extended (by 3 oscillator periods) and an 
alternate set of inputs to the sequencer logic is provided. 

The key element of the circuit is a 74S195 shift register. 
Use of Schottky circuits allows operation at an oscillator 
frequency up to 33 MHz. This permits the generation of 
a microcycle period of 120 ns with programrnable incre- 
ments of 30 ns (for the clock generator which provides 
four programmable clock intervals, this would allow 
clock periods of 120, 150, 180, and 210 nanoseconds). 



Figure 21. Two-interval Programmable Timing Generator 
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Figure 22. Four-Interval Programmable Timing Generator 


The operation of the timing generator is best understood 
by reference to the state diagram shown in figure 23. 
Transitions from one state to another are made on each 
rising edge of OSC. The state of the shift register 
(QaQbQcQq) along with the state of CLK (the system 
clock) is specified in the state diagram. Assume that the 
clock (CLK) has just made a O-to-1 transition indicating 
the start of a new microcycle (1110, CLK= 1 ). EXTEND 
is a logic 0. The new outputs of the microprogram 
‘register then become valid resulting in the new values 
for Cycle Select (CS). (CS is a 1-bit value for the 
2-interval circuit and a 2-bit value for the 4-interval 
circuit.) Cycle Select (CS) determines the state transition 
after CLK has been high for almost two OSC periods and 
thereby programs the duration of CLK. This is achieved 
by parallel loading the shift register with the desired 
value. State transitions then occur as determined by 
shifting the DM74S195. The clock input to the flip-flop 
which generates CLK is provided by the Qq output of 
the D1V174S195, CLK goes low when the DIVI74S195 


reaches the 1010 state. On the next negative-going 
transition of Qq, after CLK has been low for almost 
two OSC periods, the SETCLK output of the 
DM74S158 2:1 multiplexer determines whether CLK is 
set (the case when TMUX, the output of the test condi- 
tion multiplexer is the same as PTMUX, the predicted 
value of TMUX) or CLK remains reset (corresponding to 
the case where TMUX is different from PTMUX). If 
CLK is set at this time, the sequence which was described 
above repeats in the same fashion. On the other hand, / 
if TMUX was not predicted correctly, CLK will remain 
reset, and EXTEND will go to a logic 1 . This causes the 
DM74S158 multiplexer to select the alternate set of 
inputs to the micro-sequencer logic (Sq, St, and FE) and 
causes SET CLK to go to a logic 1. After EXTEND has 
been active for three OSC periods (thus providing time 
to allow for propagation through the sequencer logic and 
microprogram ROM access), Op will make another 
negative-going transition, and CLK will be set, which 
in turn causes EXTEND to return to its logic 0 condition. 
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Bit-Slice Microprocessor 
Design Takes a Giant Step 
Forward with “Schottky- 
Coupled-Logic” Circuits 


National Semiconductor 
Application Note 203 
July 1978 



A new four-bit slice “Schottky-coupled-iogic” design 
combines the flexibility of the industry standard 2900 
microprocessor architecture with advanced LSI pro- 
cessing. It implements low-power Schottky TTL 
circuitry on the same devices as a proprietary TRI- 
ST ATEtm* emitter coupled logic design to achieve a 
30 to 50 percent Improvement In speed with no 
increase in power dissipation. It also allows the use 
of advanced “pipeline prediction” techniques in 
microprogram control design to significantly reduce 
microcycle times. 

In most computer applications, cost, speed, power 
consumption and utility are the key factors. In some 
applications cost is the dominant consideration, in 
others it is speed or power consumption. 

In bipolar four-bit slice microprocessor-based sys- 
tems, this is particularly true. To date, however, 
designers have had to make a choice between the 
high speed of emitter coupled logic or the low power 
consumption and low cost of low power Schottky 
TTL four-bit designs such as the industry standard 
2900 series. 

But with current approaches it has not been very 
practical to have both. 

If the designer chose an ECL design, he paid a price 
for the high speed with higher power consumption 
and loss of board design flexibility. If one of the LS 
bipolar 2900 designs currently available was chosen, 
low power could be achieved, but only at the price of 
considerably reduced system throughput. 

Now, however, computer system designers can have 
both ECL-type speeds and LS bipolar power con- 
sumption. Using a new advanced “Schottky-coupled- 
loglc” technique that combines low power Schottky 
circuitry on the same die as proprietary low power 
TRI-STATE ECL circuitry, the IDM2900 series of four- 
bit slice microprocessor components has been 
developed by National Semiconductor Corporation. 

With this patented “SCL” technique, devices have 
been fabricated which are 30 to 50 percent faster 
than comparable 2900 designs now available. At the 
same time power consumption is slightly less than 
that for present LS bipolar designs and one third of 
that required for ECL-based designs. 

The substantially Increased system throughput 
made possible by this new series of SCL implemen- 
ted IDM2900 parts means a number of advanced 
computer designs can be considered which were not 
possible before. For example, advanced “pipeline 
prediction” techniques in microprogram control 
design can be used to significantly reduce micro- 
cycle times. 


An interesting byproduct of this approach is that this 
is the first ECL-based four-bit slice family to meet the 
military requirements over the military temperature 
range. Indeed, the new series shows even less perfor- 
mance degradation over the military temperature 
range than some of the standard LS bipolar parts 
now available. 


A 60 Nanosecond Slice 

The process and circuit improvement that have been 
achieved are the most apparent in the IDM2901 , 
wfiich boasts an average microcycle time of only 60 
to 70 nanoseconds, a 100% improvement over exist- 
ing LS bipolar designs. Power consumption, 
however, is about the same, only 800 milliwatts for 
the entire device. Also available is an even faster 
version — the IDM2901A-1 — with a microcycle time 
of only 50 to 60 ns, and no increase in power con- 
sumption. 

As with other Implementations of the 2900 architec- 
ture, the IDM2901 Is the key element in this high 
speed family of four-bit slice components. Designed 
as a high speed cascadable element intended for use 
in CPUs, peripheral controllers, programmable micro- 
processors and numerous other applications, the 
IDM2901 consists of a 16-word by 4-blt two-port 
random access memory, a high speed arithmetic 
logic unit and the associated shifting, decoding, and 
multiplexing circuitry. (See figure 1.) 

Indeed, except for that most important parameter — 
speed — the IDM2901 is plug compatible with any 
LS‘ bipolar implementation of the same architecture 
now on the market. But plug In replacement and raw 
speed Improvements are just part of the story. As can 
be seen from tables 1 and 2, the IDM2901 , for 
example, has improved significantly almost every 
timing parameter possible. The read/modify/write 
cycle Is 42 percent less, the maximum clock 
frequency 68 percent greater. Execution time for a 
typical operation, such as an add and shift (multiply) 
is 95ns maximum and 60ns typical, a significant gain 
over previous 2900 Implementations. (See table 3.) 
Used in a typical design, system microcycle time is 
In the 100 to 150ns range, about one half to two 
thirds that of previous LS bit slice implementations. 

These circuit and process improvements have been 
implemented in many of the standard components 
needed to build a system based on the 2900 bit slice 
architecture. In addition to the IDM2901 , nine other 
standard parts have already been introduced. These 
will allow system designers to take advantage of the 
increased speed. 

*A trademark of National Semiconductor Corporation, 
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Figure 1. Block Diagram 


Using some of the standard parts in the IDM2900 
family, a typical 16-bit controller function can be im- 
plemented with a system microcycle time of about 
140ns. This represents about a 30 percent Improve- 
ment pver that achieved with LS bipolar devices. 
Using the high speed IDM2901A-1, system through- 
put can be reduced to about 120ns. Using the pro- 
prietary parts added to the family, the same 
functions can be done in even less time, about 120 
and 100ns, respectively. 

Figure 2 shows a very simple, very fast state 
sequencing controiler designed using IDM2900 
family parts. It has no arithmetic capability, but 80ns 
clock intervals can be used. A less complex control- 
ler Is shown in figure 3. It utilizes the 1DM2901 for 
its data storage and arithmetic or logic generation. 
The IDM291 1 A is used as the state sequencer for this 
controiler since its speed and subroutine stack can 
be used to advantage In the application. 

LS + ECL = SCL 

To achieve this combination of ECL speeds and LS 
bipolar power consumption, several techniques are 
used. One Is to use low power Schottky circuitry in 
the periphery of the chip for input/output and inter- 
facing to external TTL levels and the ECL internally 
— a technique commonly used in some bipolar 
memories. (See figure 4.) 


Traditionally, ECL to TTL translators are slow unless 
considerable power is applied. In the IDM2900 family, 
however, the ECL speeds are retained, but at no cost 
in additional power, thanks to a TRI-STATE translator 
circuit technique that transforms the 0.7 volt ECL 
levels to 5 volt Schottky levels. This technique elim- 
inates the slow and power consuming buffer transis- 
tors that usually do the job, and the translators can 
drop off to one third their active power with no loss in 
speed. Using this TRI-STATE translator technique, 
the extra 60 to 65 percent in power that would have 
been consumed is pumped Instead Into the portions 
of the device that require it; specifically, the ECL 
core circuitry. 


Table 1. Percentage Improvement In Cycle Time and 
Clock Characteristics 


Time 

IDM2901A 

Read-Modify-Write Cycle 

40% less 

Maximum Clock Frequency 

6% 

Minimum Clock Low Time 

same 

Minimum Clock High Time 

same 

Minimum Clock Period 

40% less 
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Table 2. 

Percentage Improvement 

in Maximum Combinational Propagation belays for IDM2901A and IDM2901A-1* 


to Output 







Shift Output 






o 

II 

LL 


RAMo 

Oo 

from Input 

Y 

F3 

^n + 4 

G/P 

Rl = 470 

OVR 

RAMa 

O 3 

A, B 

19 (38) 

19 (38) 

13(33) 

8(31) 

22 (50) 

24 (30) 

26 (42) 


D (arith mode) 

11 (29) 

11 (29) 

11 (29) 

• 0 (14) 

8(47) 

18 (27) 

23 (46) 


D (I = x37) 

0 (20) 

0(20) 



0(42) 


17(36) 


On 

0(17) 

0(27) 

0 (20) 


20 (40) 

0(17) 

30 (30) 


*2,1,0 

0 (27) 

9(55) 

0(30) 

0(33) 

14 (43) 

23 (62) 

20 (40) 


*5,4,3 

9 (30) 

9(30) 

9 (30) 

10(36) 

21 (43) 

23 (31) 

33 (40) 


*8,7,6 

0(17) 






0(0) 

0(0) 

OE Enable/Disabie 

14/0 (43/20) 








A Bypassing ALU 
(1 = 2xx) 

11(11) 








Clock_-^~ 

0(17) 

0(25) 

0(25) 

0(20) 

20 (33) 

27 (27) 

25 (31) 

0(0) 


‘2901A-1 in parentheses. 


The output translators use both linear and digital 
techniques. Differential ECL signals are translated 
using a differential current amplifier where the differ- 
ential output voltage is changed to a differential 
current and then back to an output voltage. This 
drives a phase splitting transistor used to, in turn, 
drive the output circuitry in the periphery. Key to the 
operation of these translators is the use of an 
improved TRI-STATE logic buffer circuit character- 
ized by a current mirror transistor having its base and 
emitter, respectively, connected to the base and 
emitter of the phase splitter transistor, and its collec- 
tor connected to the voltage supply terminal. (See 
figure 5.) The emitter size on the current mirror tran- 
sistor is about twice that of the emitter size of the 
phase splitter transistor. 

The current mirror transistor supplements the drive 
current that is provided by the phase splitter transis- 
tor to the pull-down output transistor. This permits a 
higher resistance to be connected between the 
voltage supply terminal and the collector of the 
phase splitte transistor without diminishing the 
drive current to the pull-down output transistor. By 
connecting a higher resistance, the power for the 
circuit is reduced when the output is in its disabled 
state. 

An additional advantage realized as a result of the 
current mirror transistor base and emitter connected, 
respectively, to the base and emitter of the phase 
splitter, and its collector to the supply voltage 
terminal, is a faster dynamic response In the 
conduction state of the pull-down output transistor 
to a change in the level of the digital data input 
signal. This occurs due to the selective use of the 
Miller feedback effect to cause a beneficial ratio 
change in the current mirror pair during a dynamic 
transition. Miller feedback occurs on the phase 


splitter transistor because its collector is coupled to 
the voltage supply through a resistance, and is 
absent on the current mirror transistor because its 
collector is directly connected to the voltage supply 
terminal. As a result, with the onset of the transition 
In the digital data input signal, as received from the 
collector of the input transistor, the current ratio 
between the current mirror and phase splitter 
transistors is even greater than the ratio of the 
respective emitter sizes. 

Internally, the ECL logic has level translators on each 
input. This necessary circuitry achieves not only the 
level translation, but also has a very desirable input 
, level sensitivity. As can be seen in figure 6, the trans- 
lator is similar to a differential amplifier whose 
Internal reference is stable. The result is very abrupt 
transfer characteristics on ali input signals, and, 
thus, very fast switching speeds. 

improved Computer Design 

The substantially increased system throughput 
made possible by this new series of SCL-implemen- 
ted IDM2900 components means a number of im- 
proved bit slice processor designs can be considered 
which were not possible before. 

Compared to simple control applications, there are a 
number of other factors to be considered when using 
IDM2900 series devices in more complex processor 
systems. The general changes which take place 
relate to special handling of data and address 
outputs and data inputs. The iDM2901 ’s register 
and ALU elements are no longer sufficient, 
especially when data and address word lengths grow 
from 8 to 16 bits or greater. Special functional 
elements are generally added, and include: input and 
output data or addressing registers, sign extend of 
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Table 3. 

Maximum Throughput Comparisons for Add and Shift 


Function 

IDM 

2901A-1 

IDM AMD 
2901A 2901A 

AMD 

2901 

A or B G or P 

45 

60 

65 

80 

74S182 Delay 

10.5 

10.5 

10.5 

10.5 

C|N RAMq 

35 

35 

50 

55 

RAM Setup Time 

15 

20 

25 

55 

Total 

105.5 

125.5 

150.5 

175.5 

Percent Change 

40% 

28% 

14% 

0% 


data, and instruction decode, as well as shift and 
rotate controi, and muitipiy functions. Aiso, special 
processor status registers are quite often added, as 
well as the unique controls for these elements. 

Some special thought applied to these areas can 
reduce the parts count considerably and improve 
processor performance when using IDM2900 
components. 

The sign extend function Is a good example of what 
can be done. Sign extension of a data word can be 
accomplished in a number of ways. But what the 
designer of the processor would prefer is to imple- 
ment the function with the fewest possible parts and 
at the fastest data inputs. The first solution that 
comes to mind is the use of multiplexers, as shown 
In figure 7, which allows data to be fed through the 
multiplexer to D inputs of the IDM2901’ s. The 
control function which steers the data to the P input 
representing the bit which needs to be extended 
normally comes from the microprogram store. The 
added delay using this path is 12ns or more If parts 
slower than the DM74S157 are used. For each 4 bits 
of data to be modified an additional component is 
required; 2 parts for 8 bits, 3 parts for 12 bits and 4 
parts for 16 bits. 

The IDM2900 family, however, allows consideration 
of a number of other ways to do sign extension that 
require fewer parts and are less expensive and 
faster. 

One is to use the carry input to accomplish a sign 
extend. But to use this Input one must subtract “1” 
from “0” conditionally If the sign bit Is a “1” and the 
opposite if it is a "0.” But the problem arises as to 
how to obtain a value "0” In a register, an Impos- 
sibility. 

But the same effect can be achieved if the same 
address location is placed upon both the A and B 
address inputs. The source code Is then used to 
select A and B and the function code for subtract. 
Now, If a carry input Is a “1” the result is a "0” and if 
the carry input is a “0” the result Is an all “Is” sign 
extend result. This technique can propagate for as 
many packages as necessary since the carry logic is 
necessary for other functions and Is already 
Included. 


An easy method of inserting the conditional carry 
with the IDM2901 is to use the IDM2902 in a manner 
that is different from standard LS bipolar designs. 
Instead of connecting the carry Input of the 2902 to 
the microcontrol carry from ROM, It is connected to 
the carry out of the least significant IDM2901 
package. Note that this is just as fast as the pre- 
viously suggested connections since the G and P are 
only slightly faster than the carry out of the least 
significant IDM2901 . Doing this allows one free G 
and P input to be available at the second level, as 
indicated in figure 8. 

It Is only necessary to connect an AND gate to the 
input and sign extend is accomplished. The lower 
bits which want to be entered without modification 
need only be applied to the D inputs and a source 
code selected to perform a D minus 0 transferred to 
B. The most significant package group produces A 
minus B where A and B are as described before. An 
all-ls or all-Os result is obtained dependent upon the 
value of the data bit to be extended. The result is a 
sign extension with three fourths of a package for 
any sign extend, achieved at no loss In normal cycle 
time. This Is because a carry Input change can occur 
later in a cycle than a change of D. 

Performing a Multiply 

Most of the time the name of the game in computer 
processor design Is speed. Nowhere Is this more true 
than when it is necessary to perform a muitipiy. This 
is because the multiply determines the longest cycle 
time If performed in the normal manner. This Is 
because more than one path through the 2901 is 
utilized. Passage through several external com- 
ponents is usually required and this must aiso be 
added to the solution time. However, with the use of 
high speed components In the IDM2900 family It is 
possible to circumvent and shorten this path, and 
thus shorten the multiply cycle time. 

How this is done Is clearly understood only by 
referring to a specific example. Let’s assume the 
problem is to perform a multiply of two signed 16-bit 
values. 
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Figure 2. Very Fast State Sequencing Controlier 
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Figure 3. Small High Speed 8-Bit Controiier with One Level of Subroutine Capability. 
This solution can run at 100ns cycles. 


Figure 8 is the circuit as implemented using IDM2900 
devices with the two multiplexers (74S253) and a D 
flip-flop (74S74). Using IDM2900 components and this 
technique, the multiply Is performed 30 to 70 
nanoseconds faster per cycle than with standard LS 
bipolar bit slice parts. This is a total speed 
improvement of 480 to 1,120ns. 

An additional significance to the design is that 
special multiply cycle time intervals are not required. 
This operation, therefore, makes possible a pro- 
cessor or controller with a less complicated clock 
control circuit. 

Note that In figure 8 there is an extra stage of regis- 
ter storage In the Q register (D type flip-flop), 
compared to traditional designs. It Is therefore 
necessary to shift Q one time without shifting the file 
register. 

Since it is necessary to clear the partial product 
register, the Q register is shifted the first time so as 
to get the least significant bit into the extra storage 
location. 


After this, the A and B register file addresses do not 
change and therefore do not enter into the timing 
equations. The much faster response time of an 
added D flip-flop saves a great deal of time in each 
microcycle of the multiply add and shift operation. 

Since the A and B inputs do not change the critical 
path is from the D register output into the I012 inputs 
and through the IDM2901 As in a normal add and shift 
operation. Using the Q flip-flop, 20ns is saved, and 
using the I012 input, 10ns is saved in each of the 16 
cycles of the 16-by-16 multiply. This is all that is 
necessary for a positive signed multiplicand. But if a 
negative result is required, an additional path must 
be added. 

The two possible paths In the most significant 
IDM2901A package are from Cp to RAMq output or 
from Cn to Overflow or F3 and through the additional 
exclusive-OR gate and multiplexer input to the RAM3 
input. The maximum time delay path is 20ns from 
overflow and F3 outputs back to the RAM3 Input for 
the most significant 2901A package. 
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Using standard techniques common to previous 2900 
designs, only 15 conditional adds, follo\A/ed by a shift 
and one conditional subtract and then a shift, are 
required to do a signed multiply in 2s complement 
notation. The resultant data paths required for this 
solution are as follov\/s: 

START 

(FUNCTION. TIME) 


1678 -Q. 30 ns A + B G/P, 45 ns 

I 

MUX, 9 ns 

I 

I 012 -*G/P. 30 ns 


IDM2902,12ns 


Cn - R AMo, 35 ns - 0 V 0 R F 3 , 30 ns 

I 

0V"EXCLUSIVEOR.''10ns 

I 

MUX74S157, 7 ns 


RAM3SETUP,20ns 

TOTAL TIME, MAX = 148 ns 

But if the circuit described in figure 8 is used, and the 
A and B address lines are set up one cycle ahead of 
the multiply sequence, the following timing compari- 
son, using IDM2901A-1s instead of IDM2901As, 
prevails: 

START 

I 

CLOCK TO Q, 8 ns 

I 

MUX, 9 ns 

J_ 

•012 ■* G/f*. 30 ns 

I 

IDM2902, 12 ns 


i Cn->0VORF3. 25ns 

I 

Cn - RAMo, 35 ns OV "EXCLUSI VE-OR," 10 ns 

I I 

MUX 74S157, 7 ns 


RAM 3 SETUP, 15 ns 

TOTAL TIME, MAX = 116 ns 

A net savings of 32ns per microcycle is thus 
achieved with this change. It can now be seen that 
sometimes it pays to add a flip-flop In certain 
locations to achieve higher performance so as to 
achieve a simpler solution in other areas. Here, a 20 
percent reduction in cycle time was achieved. 

Improving Microcycle Times with Pipeline Prediction 

Perhaps the most important aspect of National’s 
IDM2900 family of high speed, low power SCL com- 
ponents is the Impact on how microprogram state 
sequencing is implemented in bit slice designs. The 
ultimate result will be further Improvements in micro- 
cycle times beyond anything now possible with 
present 2900 bit slice families. 


vcc 



Figure 4. 



Figure 5. 


in the very earliest use of state sequencing — In 
minicomputers and larger systems — operations 
were performed In series, one after the other, and the 
microcycle was defined as the sum of the operations. 
(See figure 9.) Still In use In some designs today, In 
this approach a state sequencer Increments to the 
next state or branches to a next state depending on 
the logic level of the test Input. In this solution the 
controller timing is from the clock edge of the con- 
troller register/counter through microcontrol storage 
(ROM) and the processing elements (2901s), then 
back through the next state decision tree to the 
controller-register counter. 

The second approach Is called “pipeline micro- 
coding,” and Is an approach commonly used In bit 
slice systems such as the standard LS bipolar 2900 
family. (See figure 10.) In this solution the microcon- 
troller loop timing is operating In parallel with the 
execution of the processing component section. 
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Figure 6. 




During the time an arithmetic operation Is being 
performed, the next microcontrol word is being set 
up for use by the microcode. The microcode for the 
present regIster/ALU operation occurs during the 
previous operation. The use of the register between 
the output of the microcontrol store and the 2901s 
allows the two sections to function with overlapped 
timing. The result of this type of micro-sequence 
control Is *a faster machine cycle time than used In 
the totally serial mode of operation. 


Also required in this mode of operation is the 
absolute knowledge of the next state control one 
cycle before the execution of the 2901 cycle. It is 
therefore difficult to Implement a number of succes- 
sive conditional next state decisions. This type of 
microcontroller Is said to be operating in a “pipeline” 
mode In that the next state microcontrol is being 
obtained during the time the previous one is being 
executed. 

Using SCL-Implemented IDM2900 components in- 
stead of LS bipolar bit slice devices in this approach 
results In a 65 to 75 percent reduction in the register/ 
ALU portion of the microcycle. In spite of this, total 
microcycle time may be reduced only 40 to 50 
percent. This is because the microcycie time is deter- 
mined by the length of the longest operation, which 
In this case can be the delay in the microcode 
portion. 

To get the full benefit of the high speeds inherent In 
National’s SCL family therefore means abandoning 
the traditional approach to pipelining used in 
previous 2900 bit slice designs. What can be used 
Instead Is a different technique — pipeline predic- 
tion — which allows a reduction in the microcode 
portion of the microcycle so that It Is equal to or less 
than the register/ALU setup time. The relative timing 
comparisons between these four approaches are 
shown In figures 11A through 11D. 

The “pipeline prediction” controller functions In 
much the same way as the standard pipeline config- 
uration except that It can also accept any number of 
successive conditional next state decisions in a row. 
This microcontroller “pipelines” microcontrol 
sequences In much the same manner as the previous 
design and for the same reasons. But shorter micro- 
cycles can be obtained due to the fact that during 
any microcycie the most predictable next cycle is 
being set up. But should the test of the next state 
decision be different from the one predicted, then the 
alternate state is conditioned and the microcontrol- 
ler and the data system pass through a correction 
Interval. 

This design makes next state decisions within the 
same cycle as microcontroi of the IDM2901 . Figure 
12 shows a “pipeline prediction” technique where 
the next state is a choice between two states. This 
means one state is predicted, and if Incorrect the 
second choice is used. The microcycie is either 
delayed or an additional cycle is Inserted. 

There Is no real reason why the design must be 
limited only to two next state conditons. Any number 
may exist. It Is only necessary to predict the most 
probable next state and correct It If necessary. Most 
next state decisions are known to a high probability 
of occurrence. The additional cycle time added for 
the few times an Incorrect prediction is made is 
extremely small compared to the total microcycie 
time saved. Additional speed Is obtained with this 
technique since it minimizes the number of states 
through a control sequence. 

Finally, pipeline prediction requires no increase in 
the number of components to achieve these in- 
creases. 
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Figure 9. The Simple Microcontroller 
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Figure 10. Microprogrammed Architecture Around IDM2901s 
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Figure 11. History of the Microcycie 


Future Trends 

By using higher speed parts such as the IDM2901A-1, 
greater improvements in throughput are possible. 

And in the future there is the possibility of even 
further improvements, particularly on the chip 
processing level. The present components In 


National’s 1DM2900 SCL family have been designed 
with exceedingly liberal design rules. In spite of that, 
the chip area on the IDM2901 , for example, is equal 
to or less than that of some of its LS bipolar counter- 
parts. 


What this means is that there is inherent In the SCL 
technique the possibility of further Improvements In 
density and Integration — combining of many bit 
slice functions onto fewer and fewer chips — while 
maintaining speed. 


It’s not unreasonable to expect speeds on SCL-type 
bit slice 2901 A parts to be in the 40 to 50ns range by 
the end of the decade and system throughput figures 
to be in the 80 to 90ns range. Even though SCL micro- 
cycle times at the component level may not match 
pure ECL-implemented parts, the system Improve- 
ments allowed by the lower power may ultimately 
result in the design of systems with throughputs far 
in excess of what is possible with emitter coupled 
logic — at much lower power and cost. 
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With the advent of higher speed versions of the 
industry standard 2900 bit slice microprocessor 
family, numerous options are now available to the 
system designer. 

Using traditional approaches to bit slice system 
design, even the simple replacement of low speed, 
low power Schottky devices with a higher speed part, 
such as the IDM2901A-1, means an improvement in 
system throughput of 30% to 50% (Tables 1A and 
1 B). More importantly, these high speed parts mean a 
number of advanced computer designs can be 
considered, resulting in greater flexibility in making 
design tradeoffs between speed and parts count. 


Table 1a. Maximum Cycle Time to STATUS Outputs* 


Function 

IDM2901A-1 

IDM2901A 

2901A Aor Bto G or P 

45 ns 

60 ns 

74S182 G or P to 

Carry Out 

7 ns 

7 ns 

2901A C,n to FO, F3, C4 
or OVR 

30 ns 

40 ns 

Total 

82 ns 

107 ns 


*Add applicable pipeline register timing. 


Table 1b. Maximum Dedicated Signed Multiple Cycle 
(Conditional Signed Add and Shift) 


Function 

IDM2901A-1 

IOM2901A 

74S74 Clock to Out* 

9ns 

9ns 

2901 A 11 to G or P 

30 ns 

45 ns 

74S182 G or Pto COut 

7 ns 

7 ns 

2901 A Cin to F3 or OVR 

25 ns 

30 ns 

74S86 Propagation Delay 

10.5ns 

10.5 ns 

2901 A RAM Setup 

15ns 

20 ns 

Total 

96.5ns 

121.5 ns 


*Use a 74S74 as QO output, then connect inverted 74S74 
output to II to realize a 19ns saving. 


To take advantage of these high speed parts, an 
equally fast microcontrol loop is required, so that 
this portion of the system is a help and not a 
hindrance in increasing total throughput. 

A number of microcontroller loop circuit configura- 
tions have been developed to take full advantage of 
these high speed parts. The choices are by no means 


exhaustive. Their purpose is to serve as an example 
for the designer; a starting point from which new 
designs can be developed. 

MICROCONTROL AND THE MICROCYCLE 

The object of the microcontrol portion of a processor 
or controller is to access the next control word to be 
used by the register/arithmetic-logic unit. The 
microcontrol portion includes a microstore of control 
words and a next state sequencer. Control words are 
fetched from microstore addresses as selected by 
the next state sequencer. Microstore addresses may 
be generated by incrementing, branching, etc., the 
next state sequencer being directed by a portion of 
the control word and by the logic level of a test input. 

The microcontrol portion has to set up the next 
control word as quickly as possible, but otherwise 
stay out of the way, allowing the register/ALU portion 
to run at its maximum speed. 

Today, this is not as easy as it was in the past. With 
LSI register/ALU units, such as the IDM2901 A-1 or the 
1DM2901 , capable of speeds in the 100 to 125 
nanosecond range, even the most complicated 
operations, such as multiply and devide, are fast 
enough to push most present day microcontroller 
designs approaches to their limits. Therefore other, 
higher speed approaches must be considered to take 
full advantage of the higher speed register/ALU’s. 

The first approach to microprogrammed system 
design — the very earliest use of state sequencing 
was utilized in early minicomputers and even some 
larger systems. Operations were performed in series, 
one after another (Figure 1 Phase I), with the 
microcycle being defined as the sum of the separate 
sequencer and register/ALU operations. 



Figure 1. History of the jiCycle 
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This solution, still in use today in some designs, routed 
controller timing from the clock edge of the controller 
register/counter through microcontrol storage, through 
the processing elements, then back through the next 
state decision tree to the controller register/counter. 

The second approach, called pipeline microcoding, is 
an approach commonly used in bit slice systems. In this 
solution the microcontroller loop timing operates in 
parallel with the execution of the processing 
component section (Figure 1 Phase II). During the time 
an arithmetic/logic operation is performed, the next 
microcontrol word is being accessed. The microcontrol 
word for the present register/ALU operation had been 
selected and accessed during the previous microcycle, 
and is currently held in a pipeline register. 

This type of microsequence control results in a faster 
machine cycle than is achievable in the totally serial 
mode employed in the first approach. It may not 
however, achieve machine cycle times consistent with 
the register/ALU cycle times available with today’s 
higher speed register/ALU elements. For example, using 
highspeed components, such as the IDM2900 family, 
results in a 65 to 70 percent improvement in the 
register/ALU path. In spite of this, the resultant total 
microcycle time may be reduced only 30 to 50 percent 
because the microcycle is determined by the duration of 
the longest operation, which, in this case, is the delay 
required by the microcontrol portion (Figure 1 Phase III). 
Circuits optimized to approach the register/ALU cycle 
time (Figure 1 Phase IV) are required. 

Another problem associated with pipelining is that it 
also requires absolute knowledge of the next state 
control one cycle before the execution of the current 
register/ALU cycle. Therefore, it is difficult to implement 
successive conditional next state decisions which 
require a test of current register/ALU results. This 
problem will also be considered. 

As will be shown, different Circuits may be configured 
to minimize microcontrol delay while retaining the 
benefits of bit slice use. While the pipelining approach 
will be used throughout, the circuits will differ in the 
manner in which conditional branch control is achieved. 
Speed and parts count are traded off, while retaining 
the same microsequencing instruction set. 

Three modes of executing conditional branches are 
covered: 

1. Overlapping the conditional branch propagation with 
the execution of a next unconditional microinstruc- 
tion and using a NOP microcycle whenever useful 
work cannot be done in parallel (a NOP is a No 
operation microcycle during which the register/ALU 
is prevented from changing its contents). Conditional 
and unconditional microcycle times are equal. 

2. Using the same sequences as above but employing 
different microcycle durations; a shorter one for 
unconditional microinstructions and a longer one to 
allow for the propagation of conditionals. 

3. The pipelining prediction mode, where the 
conditional branch test is overlapped with the 
propagation of its statistically most likely outcome. 
Should this prediction prove to be true, the sequence 
continues; if false, a “pipeflushing” (NOP) one-cycle 


time delay is employed, during which the correct 
control word is allowed to propagate to the 
microcontrol output. 


BASIC CIRCUIT ASSUMPTIONS 

In all cases it is assumed that the machine has a 16-bit 
register/ALU and a 12-bit microaddress. Changing these 
parameters may increase or decrease the relative value 
of a given circuit. 

The following constant time delays will be assumed in 
all circuits: 

1. Microstore Time Delays 

A microstore access time of 50ns and a pipeline regis- 
ter setup time of 5 ns are assumed. (This is the minimum 
time required between microaddress validation and 
clocking the pipeline register). 

2. Microsequericer Time Delays 

The “select address” propagation time of the 
microsequencer is the time interval begining when the 
select lines become valid and ending when the desired 
microaddress is available at the microsequencer’s 
outputs. Using the high speed 1DM2909/11A, a select 
time of 30ns is guaranteed along with a 45ns clock to 
output (from file) time. 

Thus, the longest total path for the microstore plus the 
microsequencer is: 

50 + 5 -f- 45 = 100 ns 

This delay represents the calculated limit of the 
minimum time required to perform any unconditional 
sequence. 

The setup time required by the microsequencer’s 
internal registers is easily met in a 12-bit configuration, 
since it calls for a delay time of 

(SqS-i to Cr, + 4) -i- (Cp to Cp ^ 4) + (Cpsetup) = 68 ns 

which is overlapped by the delay required between SqSi 
and the next system clock. 

The condition-test time delay is circuit dependent and 
will determine how fast, or how slow, the circuit will go. 

This delay includes: 1. the time required for the pipeline 
register to become valid from clock; 2. the selection or 
propagation of the status bit under test; 3. the negation 
or assertion of its polarity, and; 4. the translation of the 
test result and conditional branch data to code 
compatible with driving the microsequencer. 

Since the choices in selecting fast microsequencers 
and microstores are severely limited, the condition-test 
circuitry becomes the prime candidate for user 
optimized logic designs, because it is simple and 
inexpensive, etc. The following circuits attempt to 
minimize, in different ways, the “delay” overhead 
caused by the next state decision. To gain a measure of 
their relative speeds, the delays are compared to the 
calculated minimum for unconditional sequencing. 
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which is 100ns. A figure of merit is derived by dividing 
the total time delay by 100ns minimum (Table 2). 


Table 2. Microcontrol Circuits Comparison 


Circuit 

Dynamic 

Performance 

Figure of 
Merit 

— 

Parts 

Count 

— 

Relative 

Cost 

1 

158ns 

58% 

6V4 

1.00 

II 

(Note 1) 

(Note 1) 

3V4 

1.72 

'ill 

i 17/ loons 

17%/66% 

7V4 

1.12 

IV 

114/135ns 

14%/35% 

7V4 

1.10 

V 

133ns 

33% 

72/3 

0.96 

VI 

108ns 

8% 

5V4 

0.90 

VII 

108 ns 

8% 

6V4 

0.97 

VIII 

108 ns 

8% 

7 

1.06 


Note 1: The presently (October 1978) available 2910 has a 
published guarantee of 100ns from clock to Y output on 
instructions 8, 9 and 15. 

The longest data path has not been released. It occurs where 
prior instructions were 4 or 12 or RLD was low. 

The currently available 2910 will need a 207 ns cycle when used 
in Circuit II in order to accommodate its longest data path 
(using calculated guarantees based on lab measurements 
performed on a number of parts). The corresponding figure of 
merit is 107%. 

National Semiconductor’s IDM2910A will need a 133ns cycle 
in the same circuit for its longest data path. The figure of merit 
will be 33%. 

The I DM291 OA will become available during the third quarter of 
1983. 


CIRCUIT I 

This circuit is the traditional approach to the 
implementation of the microcontrol loop in a pipelined 


configuration. Status outputs of the last register/ALU 
operation determine the micro-control word to be used 
for the next register/ALU operation. 

An IDM29811A next address controller is used to apply 
next address control to the IDM2911A four-bit micro- 
program sequencers. The IDM29811A is controlled by 
four pipeline register bits and one test input. The line to 
be tested is selected by a 74S151 eight-bit MUX as 
determined by the pipeline register. The pipeline 
register also determines whether negation or assertion 
should be performed by the 74S86 XOR gate to make it 
compatible with 29811 logical requirements. 

The lines to be tested (inputs to the MUX) may be the 
results of a varity of functions internal or external to the 
controller. One line is generally tied to a permanent 
logic “1” or “0” so that by selecting it, the pipeline 
register may generate unconditional control of the 
2911 A. Some of the tested lines may carry data 
generated towards the end of the microcycle, such as 
ALU status. These data are stored in a 74S374 TRI- 
STATE® octal D type flip-flop since it has to be used in 
the next microcycle. 

Conditional microcycles may be either overlapped with 
useful work (microprogram permitting) or may be waited 
out by means of a NOP. Total microcycle length 
required by this microsequencer is 158ns and the figure 
of merit is 


158-100 

100 


= 58% 


A comparison between this microcycle time (158 ns) and 
the register/ALU loop time of 125ns or 105ns for the 
IDM2901 or IDM2901A-1, respectively, reveals that the 
machine’s speed is limited by the microcontrol circuit. 
In short, even though the fastest microsequencer com- 
ponent (IDM2911A) was used, this traditional approach 
to microsequencer design is not compatible with higher 
speed, state-of-the-art ALUs. 


STATUS INPUTS 



Microcontroller, Circuit I 
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CIRCUIT II 

One immediate “solution” to the problem outlined 
above, that has been suggested by some manufac- 
turers, is going to a higher level of device integration, 
such as the 2910, which Is a 12-blt microprogram 
sequencer designed to replace the 2911 A and 29811 A. 

Conditional microprogramming is achieved here In the 
same way as in Circuit I and the parts count Is reduced 
by 50%. However, the longest delay path is the one from 
the clock through the register/counter load to output — 
a guaranteed value of about 100ns. Microcycle time of 
this circult-is 207ns,* its figure of merit is 107% which 
is worse than the circuit it was designed to replace. The 
reduction in parts count, however, may be beneficial in 
those applications where operating speed is less 
important. 

CIRCUIT III 

This circuit utilizes two different clock cycle periods: a 
short one for unconditional sequencing and a longer 
one for conditional sequencing. A 74S157 quad two to 
one MUX and one additional pipeline register bit are 
used in order to provide faster, unconditional next 
address control for the 2911 As. When conditional 
control is required, the path selected by the 74S157 will 
go through the 29811 A. The four pipeline register lines 
will switch from carrying 2911 A code (unconditional) to 
carrying code needed for the 29811 A. Conditional 
microcycles need to be achieved by a clock extended 
microcycle which can either be overlapped with useful 
work or waited out with a NOP. 

Total unconditional microcycle time is 117ns and the 
figure of merit is 17%. For the conditional microcycle 
mode, total time is 166ns and the figure of merit is 66%. 

The overall figure of merit can be determined by 
weighting the calculated percentages according to the 
relative dynamic frequency of conditionals. 

CIRCUIT IV 

Similar to Circuit III, this circuit differs only in the 
replacement of the 29811 A and the 74S157 with two 
74S158 quad two line to one line multiplexers. Inverting 
outputs have been chosen to gain speed. 


Two 4-bit pipeline register fields are supplied to the 
condition selected 74S158, one of which is used in 
unconditional microsequencing by the 74S158 that 
drives the 2911 A. 

This solution produces cycle times of 114ns and 146ns 
and figures of merit of 14%' and 46% respectively, for 
the unconditional and conditional next state cycles. 

Now, by positioning the contents of the two 4-bit 
pipeline fields according to the logic level expected on 
the line under test. It is possible to remove the 74S86, 
eliminate one pipeline register bit to save 11 ns on the 
conditional next state cycle. This reduces the time to 
135ns and the conditional figure of merit to 35%. The 
unconditional figure of merit Is unchanged (14%). 
Microprogramming is similar to that of Circuit III. 

Another variation of this circuit is possible by removing 
the 74S158 driving the 2911 A and connecting the 
outputs of the remaining 74S158 to the 2911 A. The 
74S86 may also be removed since the two, 4-bit pipeline 
register fields can be positioned to anticipate the 
desired result. Unconditional microcontrol is achieved 
by placing the same data on both sides of the 74S158. 
Total microcycle time is 129ns for both conditionals 
and unconditionals and the figure of merit is 29% 
(Compare this to the constant-microcycle time Circuit I 
and II). Microprogramming is the same as in Circuit I. 

CIRCUIT V 

This circuit illustrates in yet another way the flexibility 
and advantages obtained by mixing MSI and SSI, in this 
case replacing the 74S158’s used in previous circuits 
with 74S15TS. Total timing needed is 133ns with a 
figure of merit of 33%. 

This circuit is included to demonstrate a principle: 
sometimes a faster dynamic performance can be 
obtained by not using more complex circuits, in this 
case PROMs (29811 A) and multiplexers. This occurs 
because less complex circuits allow greater freedom of 
design as well as being faster. Complex circuits may be 
slower and they frequently “force” design solutions to 
fit their own logical structure. Compare this circuit to 
Circuits, 1, II and III. 


STATUS INPUTS 



Note: Calculated guarantee based on lab measurements performed on a number of presently (October 1978) available 
parts. National Semiconductor’s IDM2910A will show a significant speed improvement. (See Table 2.) 

Microcontroller, Circuit II 
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CIRCUIT VI 

This circuit represents a conceptual departure from the 
previous circuits. Although it functions, in the same 
manner as the other circuits, here register/ALU 
performance is traded off in favor of the microcontroller 
loop. In other words, certain control loop time delays 
have' been shifted over to the register/ALU loop. The 
status line to be tested is selected on the same 
microcycle that originated the status. One 74S74 edge 
triggered FF is used instead of the 74S374’s which 
appear in the previous circuits. 

In effect, the status register is now only one Flip-Flop of 
a faster verity than the 74S374’s and less expensive 
relative to package count. If unconditionals are per- 
formed by setting the two 4-bit pipeline register fields to 
be identical to each other, the 74S86 may be removed as 
in Circuit IV. 

Microcycle time is 108 ns and the figure of merit is 8% 
for both conditional and unconditional sequences. It 
should be remembered, however, that 15ns has been 
inserted into the register/ALU loop. Using the 2901 A-1, 
this 15ns must be added to the status valid time for a 
16-blt addition of 82ns plus a 9ns clock-to-output pipe- 
line register on the file addresses. This gives a total 
register/ALU microcycle time of: 

82 + 9 -f 15 = 106ns 

which is compatible with the 108ns required for the 
microcontroller portion. 

If the overall solution can be improved by moving time 
from one loop to another, the designer should do It. , 

Microprogramming this circuit Is slightly different than 
the previous circuits since status generation and 
selection must be made during the same microcycle. 
Overlapping conditionals with useful work can be 
accomplished, or NOPs could be employed. 


CIRCUIT VII 

This circuit employs pipeline prediction to enhance 
speed in performing conditional microsequences. 

Since in the other circuits outlined, the results of a 
register/ALU operation cannot be used to direct the 
operation immediately following it, it becomes neces- 
sary to insert fill-in words or NOPs. Pipeline prediction 
will minimize the number of NOPs required. 

The term “prediction” refers to selecting and 
propagating the statistically most likely outcome. 
Should this prediction come true, the machine will 
continue at the unconditional microinstruction speed. 
If, however, the prediction turns out to be wrong, the 
predicted microcycle is converted to a NOP while 
waiting for propagation of the correct conditional 
outcome. During this waiting period the system will 
ignore the false microcontrol output word. 

In this circuit, the prediction (and its correction, if 
necessary) are controlled by a 74S114 J-K edge 
triggered flip-flop. A logical zero result at the 74S86 
output leaves the 74S114 in the “predict” position; a 
logical “one” causes the device to toggle and to apply 
to the 291 1 A the other choice of control code. This code 
is found in the 74S374, which is used as a one 


microcycle delay in order to preserve the initial code 
during NOP execution. Microcode forces a zero logic 
level at the output of the 74S86 whenever unconditional 
microinstructions are used. This logic level, in turn, 
causes the 74S114 to remain in its “predict” state, 
which is also used to generate unconditionals. 

With this design, it is possible to stack any number of 
conditional states next to one another without confus- 
ing the controller. If all the predictions are correct, the 
machine operates in half the number of cycle times 
than with the previous technique. If all the first choices 
were incorrect, the design still breaks even with the 
previous solutions. 

Generally, a net savings of cycles will result, having the 
same effect as an additional microcycle time speedup. 
This, together with the employed single length clock, 
makes this a very attractive circuit. 

Microprogramming this circuit resembles Circuit VI, 
except that a jump (JMP) may not be predicted if the 
other choice is a continue (CONT). Such a prediction 
would cause an irreversible change in the micro- 
program counter/register. Other changes that may 
occur in the 2911 A stack or address register can be 
inhibited by using the “one” logic level at the 74S86 
output as a means to inhibit the RE and FE lines. 

Total microcontroller cycle time Is 108ns and the figure 
of merit is 8%. ' . 


CIRCUIT VIII 

This circuit is essentially the equivalent of Circuit VII. 
Two 74S251 TRI-STATE® multiplexers have been used 
to decrease the propagation delay on the register/ALU 
side by eliminating the 74S86. Total time and overhead 
are unchanged (108ns and 8%). 


CONCLUSION 

In less than two years, the 2900 bit-slice family has 
improved microcomputer speeds by 50% to 70%. The 
IDM2901A-1, the fastest part available, allows control- 
ling and number-crunching CPU designs demanding 
less than 100ns per microcycle. 

Faster microcontrol loops are required in order to take 
full advantage of ALU bit-slices like the IDM2,901A and 
the IDM2901A-1. 

A few fast microcontrol loop designs have been 
explored, using the versatile IDM2909A/2911A micro- 
sequencer. These circuits are offered as basic 
suggestions, and as starting points for specific 
designs. Since, among other things, the data word 
width, the instruction repertoire and microstore size of 
a CPU will strongly influence the choice of which 
microcontrol loop design is best suited to yield the 
desired speed, price, microprogramming features, etc., 
the final choice must be made by the designer of a 
specific system. 
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Fine Tuning the ALU 
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Most applications information for the IDM2902 Look- 
Ahead Carry Generator Family show three standard 
connections for 16-, 32-, and 64-bit Arithmetic Logic 
Units (ALUs). The three methods are shown in 
Figure 1. 

With ALU cycle times in the 200 ns area, the standard 
connections shown in Figure 1 were quite adequate. 
A 5 to 10ns overall savings did not warrant the time 
spent to examine alternative look-ahead carry 


methods. However, with the introduction in 1978 of 
the IDM2901A-1, cycle times began to approach 
100ns. This was further reduced to less than 80ns 
(for a 16-blt ALU) with the Introduction of the 
IDM2901A-2 in 1979. Now, obviously, a 6 to 10 ns 
savings is significant and well worth a new look at 
look-ahead carry techniques. The purpose of this 
application note is to do just that and, as will be 
shown, some of the results do not favor the standard 
approaches. 



Figure 1(a). Conventional 16-Bit 



Figure 1(b). Conventional 32-Blt 
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Figure 1(c). Conventional 64-Bit 
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BASIC METHODS 


FACTORS AFFECTING CHOICE 


The basic methods examined in this application note 
can be divided into four categories: 

1. Ripple Carry 

2. Conventional Single Level 

3. Multi-Level 

4. Shifted 

Ripple carry is generally considered to be slow, but at 8 
bits it turns out to be the fastest method. Also, it will be 
shown that ripple carry can be used in combination with 
other methods to eliminate parts while adding very little 
to system cycle time. In most cases, the various 
methods will result in tradeoffs between parts count 
and system speed. It will be shown that some solutions, 
however, generate the highest performance with the 
fewest parts! 

Single-level will be used to describe a system with a 
single layer of look-ahead carry even though technically 
this is a multi-level solution since the ALU itself looks 
across four bits. An example of a single-level approach 
is the 16-bit solution of Figure 1(a). 

The conventional 32-bit connection [Figure 1(b)] is an 
example of multi-level look-ahead. In this approach, the 
carry-in is connected to two IDM2902s. 

The least well known of the four methods is the shifted 
approach shown in Figure 2. Although this results in a 
slightly slower method in the 16-bit solution shown, 
there are word sizes where it can be the fastest method. 
Furthermore, freeing a set of G, P pins on the IDM2902 
can have advantages in certain applications where sign- 
extension is required. (See Reference 1.) 

As alluded to above, the various methods can be 
combined in a number of ways. The following is a list of 
the various combinations that were examined in this 
study. Almost all were applied to ALU sizes from 4 to 64 
bits to identify the advantages and disadvantages of 
each. These will be summarized later. 


Table I. Look-Ahead Carry Methods 

1. Ripple 

2. Cn 

3. Shifted 

4. Chained 

5. Shifted Chain 

6. Two Level 

7. Two Level with Helpers 

8. Shifted Two Level 

9. Shifted Two Level with Helpers 

10. Double Shifted Two Level 

11. Double Shifted Two Level with Helpers 

12. Three Level 

13. Shifted Three Level 

14. Double Shifted Three Level 


Before applying the look-ahead carry methods to the 
various word length ALUs, it may be worthwhile to look 
at some of the factors — other than raw speed — that 
could affect the choice of method. Some of these are: 

1. parts count 

2. board-to-board considerations 

3. board space 

4. sign extend 

5. sequencer cycle time 

6. board layout 

7. word length expansion 

8. different system architectures 

9. current spiking 

While parts count, board space, and board layout are 
more or less obvious considerations, the others deserve 
a brief comment: 

A. Board-to-board considerations refer to those 
systems where half of the ALU is on one board and 
half is on another. Obviously all methods would not 
be readily adaptable to this situation if a sufficient 
number of connector pins is not available. 

B. Sign-extend requirements may favor the method that 
frees a G,P input on one of the look-ahead carry 
circuits. This is explained more fully in Reference 1. 

C. Sequencer cycle time, in a pipelined system, may be 
the limiting factor in overall system speed. Thus, 
saving a few nanoseconds in the ALU may not be 
worthwhile. 

D. Future word length expansion is a consideration if 
several models of the same basic system are 
required. For example, 16 bits of address can 
address 64K words; twenty bits can address 1M 
words. If the ALU is used to compute addresses, the 
carry method optimized for 20 bits may be desirable. 

E. The architecture that was assumed for this study will 
not be used in every system. Thus, the availability 
and timing of input signals, worst-case delay paths, 
and added components will affect the results shown 
in the following section. Thus, each design could 
require a separate study to achieve optimized 
results. 

F. Current spiking is a consideration when one method 
causes several ALUs to change output states within 
a few nanoseconds of each other. If this causes 
system noise problems, perhaps an alternate method 
would be desirable. 


APPLYING THE VARIOUS METHODS 

In the following discussion, the IDM2901A-1 timing is 
used for the register-ALU elements. Because several 
different choices of pipeline register are available, the 
times shown do not include the clock-to-register output 
delay. Finally, the comparisons are based on the time 
required to add two registers and obtain a valid output, 
I.e., A-i-B- Y. 

4, 8 Bits: Ripple carry is clearly the best from all con- 
siderations and thus no further discussion is necessary. 
Register-to-register add time for 8 bits is 75 ns. 
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12 Bits: At present, the conventional single-level 
method Is best (77 ns). However, lf_ future bit-slices 
feature A, B Cn +4 as fa^ as A, B G, P and Cn 0^+4 
as fast as the IDM2902’s G, P— Cp + y, ripple carry can be 
just as fast. (This Illustrates the need for designers to 
continually rethink the problem as new parts become 
available.) 

16 Bits: Without considering sign extend, the conven- 
tional approach [Figure 1(a)] is optimum (75ns). The 
shifted method (Figure 2) Is 8.5 ns slower under the 
assumptions made above, but if sign extend Is required. 

Note: In the figures that follow, connecting lines are simplified 
and terminal labels are eliminated for clarity. 


It may well be as fast, In addition to eliminating multi- 
plexers. (See Reference 1.) (This illustrates the fact that 
two parts of a system optimized independently may 
result in an overall slower system.) 

20 Bits: As word width increases above 16 bits, some of 
the less conventionaf approaches begin to have some 
advantage. First, consider the more obvious 
approaches; the single level and chained approaches 
are shown in Figures 3(a) and 3(b). Another solution can 
be obtained by deleting parts from the conventional 
32-bit solution of Figure 1(b). This is shown in Figure 
3(c). 


Cn Cn+4 


WCn 


G P G P Cn+y G P Cn+z 

Cn IDM2902 


Figure 2. 16 Bit Shifted Look-Ahead 



Figure 3(a). 20-Bit, Single-Level Method 



Figure 3(b). 20-Bit, Chained 



Figure 3(c). 20-Bit, Two-Level 
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From a timing standpoint, (b) and (c) of Figure 4 are both 
87.5ns compared to 93ns for (a). The single-level 
method [Figure 3(a)] is superior from a parts count 
standpoint, requiring a single look-ahead carry rather 
than two. A closer look at Figure 3(c), however, reveals 
that only a small portion of the second look-ahead carry 
circuit is used. Furthermore, this portion can be 
replaced by a circuit consisting of 1/6 of a 74S04 and 1/2 
of a 74S51 as shown in Figure 4. In addition to a lower 
power, lower cost solution, the replacement of the 
second look-ahead carry circuit actually saves 1.5ns! 

Even mors surprising is the fact that the shifted method 
shown in Figure 5 not only has the fewest parts, but 
also runs faster (85.5 ns) than the other methods shown. 
Here is a situation where the speed-cost tradeoffs 
BOTH favor the same solution! 

24, 28 Bits: Using the conventional 32-bit solution 
(deleting one or two ALUs) yields identical times (98ns) 
for both 24 and 28 bits. The shifted chain (Figure 6), 
however, uses fewer parts and is faster (96 ns). With the 
same parts count, the chained and two-level methods 
yield the fastest times (87.5 ns) for both 24- and 28-bit 
ALUs. 

32 Bits: The conventional approach for 32 bits shown in 
Figure 1(b) is an example of the two-level with helpers 
method. For 32 bits, the register-to-register add time is 
98ns for this method. This is a faster approach than the 
chained and two-level methods (103.5ns) that were 
optimum for 24 and 28 bits. Another method — the 


shifted two-level — again uses fewer parts and is con- 
siderably faster than the conventional approach 
(87.5ns). This is illustrated In Figure 7. 

36, 40, 44 Bits: A 98ns solution can be obtained for 
36-bit ALUs by simply deleting parts from the 64-blt 
solution of Figure 1(c). A word of caution: this is not the 
path to the most significant slice (MSS). It turns out that 
this path is only 87.5ns. The 98ns path is to the output 
of the second MSS. The shifted two-level with helper 
method (Figure 8) will also produce a 98ns result, but if 
the “helper” is replaced by the circuit of Figure 4, the 
result is 96.5 ns. 

Another solution, requiring only two parts, is shown in 
Figure 9. This solution — the double shifted two-level 
method — turns out to be the best two-part solution for 
all word sizes from 36 to 64 bits. Speed for this method 
is 101.5ns. 

The shifted two-level with helper and double-shifted 
two-level methods turn out to be the optimum three-part 
and two-part solutions for 40- and 44-bit ALUs also. 

48 Bits: As mentioned above, the double shifted two- 
level method shown in Figure 9 is also the optimum two- 
part solution for 48 bits. Three-part solutions are shown 
in Figure 10. The shifted three-level solution of Figure 
10(a) results in a 114ns system. The double shifted 
three-level solution Is 101.5ns. Note how the worst-case 
path varies between the two solutions. This points out 
the fact that several paths must be evaluatecj to ensure 
that the longest one has been found. 




Figure 5. 20-Bit, Shifted 



Figure 6. 24-, 28 Bit, Shifted Chain 



Figure 7. 32 Bit, Shifted Two-Level 
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Figure 8. 36-Bit, Shifted Two-Levei with Helper 



Figure 9. 36-Bit, Double-Shifted, Two-Level 



Figure 10<a). 48-Bit, Shifted, Three-Level 


g 



Figure 10(b). 48-Bit, Double Shifted, Three-Level 
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The four-part system of Figure 11 improves perfor- 
mance siightly (98ns) and may not be \A/orth the 
additional expense. It is, however, the best four-part 
choice from 48 to 60 bits. This method is referred to as 
shifted two-level with helpers. 

52 Bits: Not a particularly popular ALU size, the 52-bit 
system nevertheless provides an opportunity to demon- 
strate another look-ahead carry method — the double- 
shifted, two-level with helpers. This also turns out to be 
the fastest three-part method for word widths from 52 to 
64 bits. This method, illustrated in Figure 12, results in 
117.5ns for 52-bit systems. 

56 Bits: ALUs of 56 bits are becoming common in 
floating point systems using 56 bits of mantissa and 8 


bits of exponent. Deleting components from the conven- 
tional 64-bit approach [Figure 1(c)] results in a 98ns 
solution. This same speed, however, can be achieved 
with four parts using the shifted two-level with helper 
method of Figure 13. 

60 Bits: The fastest 60-bit solution is the conventional 
approach for 64 bits [Figure 1(c)] with one alu deleted. 
This results In a 98 ns solution. The shifted two-level 
with helper method (Figures 11 and 13) is a four-part 
solution that results in 103.5ns. 

64 Bits: Again, the fastest 64-bit solution (98ns) is the 
conventional approach of Figure 1(c). The fastest four- 
part solution is a double-shifted two-level with helper 
method (117.5ns) illustrated in Figure 14. 



Figure 11. 48 Blt, Shifted Two-Level with Helpers 



Figure 12. 52-Bit, Double-Shifted, Two-Level with Helpers 
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Table II Is a summary of the data generated from this 
study. It lists, for each word size, the fastest solution for 
look-ahead carry parts count from 0 to 6. The number 


under the “Method” column corresponds to the 
numbered list of Table I. The fastest solution for each 
word size is shaded. 


Table 11. Optimum Speed for 4- 64-Bit ALUs 
Number of IDM2902s 


Method Time Method Time Method Time Method Time Method Time Method Time 


77 









77 









85.5 

4 

87.5 







101.5 

4, 6,8 

87.5 

7 

98 





117.5 

4,6,8 

87.5 

9 

98 





133.5 

8 

87.5 

9 

98 





149.5 

10 

101.5 

7, 9, 12 

98 





165.5 

10 

117.5 

4, 7, 

9, 12 

98 





181.5 

10 

133.5 

9, 13 

98 





197.5 

10 

149.5 

14 

101.5 

7,9 

98 



213.5 

10 

165.5 

11 

117.5 

7, 9 

98 



229.5 

10 

181.5 

11 

133.5 

9, 13 

.98 

7 

98 " 

245.5 . 

10 

197.5 

11 

149.5 

9 

103.5 

7,9 

98 

261.5 

10 

213.5 

11 

165.5 

11 

117.5 

7, 9 ^ 

98 


CONCLUSIONS 

It may appear that a lot of time was spent investigating 
alternate look-ahead carry schemes that save “a few 
nanoseconds” in overall speed. While this is certainiy 
true for systems with ALU cycle times in the 200ns 
range, it has been shown that with the more recent 2900 
components from National Semiconductor, ALU cycie 
times in the 100ns region are certainly feasible, and 
here those same few nanoseconds could become sig- 
nificant. This will be even more apparent with the 
introduction of the IDM2901A-2, which will Improve the 
register/ALU times listed in Table III by another 
20-25%. 

It has also been shown that no one solution is “best” 
for all applications. Even the “fastest” solution may not 
be optimum for a specific system when parts count, 
system wiring, board space, etc., are considered. 


Table III. Delay Times Used to Calculate Cycle Time 


Finally, the entire study will soon be obsolete as new 
components with different (albeit faster) specifications 
are introduced. Therefore, the only conclusion that 
seems legitimate is that each application should be 
considered individually with the requirements of the 
system, the devices available, and sound engineering 
judgement determining the optimum • solution. It is 
hoped that the information contained in this application 
note will provide some guidelines for finding that 
solution. 
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Introduction And General Description 


What is a PAL? 

A PAL is a user-programmable array of logic 
gates which allows the equivalent of a number 
of SSI and MSI (small- and medium-scale 
integration) packages to be implemented on a 
single chip. NSC’s PAL series are Schottky TTL 
(transistor-transistor logic) components, and 
hence offer both speed and easy interfacing. 
Combinations of registers, flip-flops, and ran- 
dom logic are all easily implemented using 
PALS. 

Why Should You Use A PAL? 

Reduced board space 

PALs typically implement the equivalent of 
from 4 to 12 SSI and MSI packages in a single 
20-pin DIP. If the amount of space on your PCB 
is insufficient for your needs, you should 
seriously consider using PALs in your design. 

Cost Effectiveness 

The total manufacturing cost of a circuit im- 
plemented with PALs is frequently less than 
that of standard ICs. Only 25 to 50 per cent of 
the cost of utilizing an SSI or MSI chip is nor- 
mally its purchase price; the remaining 50 to 75 
per cent is tied up in the cost of the PCB area, 
assembly, and testing associated with that 
chip. Hence, as the PAL replaces more and 
more chips, its usage quickly becomes 
justified on a cost basis alone. 

Fast System Design 

Because of PALs’ programmability and flex- 
ibility, the time needed to design and imple- 
ment a system can be cut in half. Breadboards 
can be built quickly to test out new Ideas 
without lohg waiting. 

Design Flexibility 

PALs offer the design engineer greater flexibili- 
ty than standard, off-the-shelf parts. If a 
desired function is not readily available with 
standard components, an awkward assortment 
of chips may be needed to implement the func- 
tion. With PALs, the engineer simply chooses 
what he wants instead of taking what he can 
get. 


Easy Design Changes 

PALs offer the designer the ability to 
reprogram an IC instead of redesigning other 
hardware and laying out a new PCB when the 
function of the card changes. 

High Speed 

PALs are built using Schottky technology. 
Register PALs clock at 40 MHz, with faster parts 
on the way. 

Easy Field Programming 

Unlike gate arrays and other approaches to 
custom logic design, the PAL is user- 
programmable, which minimizes turnaround 
time. The PAL can be programmed quickly and 
easily using standard PROM programmers with 
appropriate personality cards. Conversion of 
logic functions into the PAL format is ac- 
complished quickly and easily using a software 
tool called PALASM™ 

Small Inventory 

The PAL family can be used to replace up to 90 
per cent of TTL components with just 15 dif- 
ferent parts. This considerably lowers inven- 
tory costs. 


What Is The Impact Of PAL On 
Logic Design? 

Logic designers are noticing an apparent 
“complexity gap’’ between TTL and LSI. Pro- 
ducts designed using discrete TTL devices 
would consume unacceptable amounts of 
physical space and electrical power. Software 
programmable LSI devices (microprocessors) 
offer high density and need relatively little 
power to do almost anything imaginable, but 
the designer pays a high price in software 
development and still has to use discretes to 
interface them to the outside world. Until 
recently, there has been no device that pro- 
vides a really effective way of bridging this gap. 
National Serriiconductor Company has seen 
this need, and now offers the designer a family 
of PAL (Programmable Array Logic) devices to 
fill it. PALs offer powerful capabilities for 
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creating cost-effective new products or for im- 
proving the effectiveness of existing logic 
designs. PAL devices save time and money by 
solving many of the system partitioning and in- 
terface problems not otherwise effectively 
solved by today’s semiconductor device 
technology. 

LSI (Large scale integration) offers many ad- 
vantages, but advances have been made at the 
expense of either device flexibility or software 
complexity. LSI technology has been and still 
is leading to larger and larger standard logic 
functions. LSI offers high functional density 
and low power consumption; single tCs now 
perform functions that formerly required com- 
plete circuit cards. However, most LSI devices 
don’t interface with user systems without large 
numbers of support devices. Designers are still 
forced to turn to random logic for many ap- 
plications. LSI is slow, and it is rigidly partition- 
ed. For all its capability to perform varied and 
complex tasks, the microprocessor is a slow 
and expensive way of doing simple, repetitive 
tasks when the necessary interface and other 
support devices are added, and when the time, 
money, and memory required for software 
development are considered. 

TTL provides speed, and you could say its 
flexibility is infinite, but its price is high power 
consumption, large parts count, and low space 
utilization. 

Custom IC’s can be effective design solu- 
tions If the product is of low-to-medium com- 
plexity, its logic function is well defined, and 
its market is high volume. Its design cycle Is 
typically long, and its cost can be prohibitive. 
This tends to discourage its use. 

Fuse-programmable devices of various kinds 
have been invented to try to overcome the 
above-nrientioned disadvantages. All but PAL 
require external interface logic, and all but PAL 
have disadvantages, to wit; 

PROM: Requires careful design to avoid 
undesirable data transitions. Also 
limited on the number of input 
variables it can accommodate. 

FPLA: Is expensive, difficult to program, 
and hard to understand. 

FPGA: Isn’t widely available, and lacks 
flexibility. 

PMUX: Is available in only a few types. 

The PAL— A New Extension of 
Fusible-Link Technology 

The diode matrix was the first programmable 
integrated-circuit logic device, introduced in 


the early 1960’s. This device contained only a 
diode-logic OR matrix, each crosspoint of 
which had a fusible link. 

The programmable read-only memory (PROM) 
extended the programmable logic concept con- 
siderably by allowing input variables to be en- 
coded, by reducing the number of pins re- 
quired per input variable, and by providing TTL 
compatibility. The PROM is an AND-OR logic 
element with fixed AND matrix and program- 
mable OR. 

One advantage ot using PROMS is that they are 
produced in high volume because they are 
used in many applications. Also, the PROM is a 
universal logic solution; in other words, all the 
product terms of the input variables are 
generated, making it possible to implement 
any AND-OR function of these variables. 

The Field-Programmable Logic Array (FPLA) 
has a second fuse matrix (an AND matrix), so 
allows the designer to select and program only 
those product terms used in each specific 
function. These product terms are then com- 
bined in the OR fuse array to form an AND-OR 
logic equation. More about these later. 


How It Works (See Figure 1-1.) 

In the PAL concept, an AND fuse array allows 
the designer to specify the product terms re- 
quired, and connect them to an OR matrix 
chosen to perform the required combination of 
AND-OR logic functions. PALs are offered In a 
number of different part types that vary the OR- 
gate configuration. Specifying the OR-gate 
connection therefore becomes a task of device 
selection rather than of programming, as with 
the FPLA. With this approach, PALs eliminate 
the need for a second fuse matrix with little 
loss in overall flexibility. Figure 1 is a 
schematic diagram that shows how a typical 
PAL circuit processes a two-input, one-output 
logic segment. The general logic equation for 
this segment Is: 

Output = (l| • fi + /f-i) (/l-i •f 2 + /f2) (l2 • ^3 + 
/f3) (/l2 * U + lU) + dl • f5 + /f5) 
(/ll *16+ /fe) (l2 • + 1^7 + /f?) (l2 

• f8 + /f8) 

where the “f” terms represent the states of the 
fuse links in the PAL’s AND array. In the above 
equation, an intact fuse Is represented by f = 
1, and a blown fuse by f = 0. 

Although logic equations are convenient for 
simple functions, they become progressively 
less tractable as the functions become more 
complex. In large systems, the logic diagram, 
or schematic, and the truth table are the 
methods more commonly used to describe 
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As can be seen from the expression and 
diagram,' this is a two-input, one-output circuit; 
hence, the circuit of Figure 1-3 appears to be a 
good candidate to solve this problem. Remov- 
ing the Xs from the junctions that do not repre- 
sent terms of the example Boolean expression 
results in the diagram shown in Figure 1-5, 
which is the same PAL circuit shown in Figure 
1-3, except ‘that the appropriate fuses are 
blown. 

Using the symbology described here not only 
displays the attributes of a logic diagram, but 
also those of the truth table for the same ex- 
pression diagrammed. With this technique, it is 
possible to compare the structure of the PAL 
with those of the familiar PROM and PLA. 


Comparison 

To illustrate the differences among the three 
field-programmable logic concepts, each of 
the approaches is shown as an AND matrix, 
followed by an OR matrix. The basic logic im- 
plemented by the PROM is AND-OR, with the 
AND gates all preconnected on the chip, mak- 
ing this portion fixed, while the OR matrix is 
implemented with diode-fuse interconnec- 
tions, making it programmable. Thus, the 
PROM is an AND-OR logic element with fixed 
AND matrix and programmable OR. The PROM 
solution in Figure 1-6 requires a 64-fuse matrix. 
There are many advantages to using PROMs as 
logic devices. One is that because they are us- 
ed in many applications, they are produced in 
high volume. Also, the PROM is a universal 
logic solution; in other words, all the product 
terms of the Input variables are generated, 
making it possible to implement any AND-OR 
function of these variables. However, PROMs 
cannot accommodate large numbers of 
variables; the maximum number of input 
variables currently being realized is 11. 


The Field-Programmable Lo^ic Array (FPLA) 
has a second fuse matrix (an AND matrix), 
allowing the designer to select and program 
only those product terms used in each specific 
function. (See Figure 1-7.) These product terms 
are then combined in the OR fuse array to form 
an AND-OR logic equation. 

The typical FPLA implementation has less than 
2'^ terms available (with n as the number of in- 
put variables). This allows the FPLA to accom- 
modate larger values of n, i.e., more inputs, in 
contrast with the PROM, where the number of 
product terms Is always equal to 2^^. Although 
the FPLA usually requires fewer fuses to imple- 
ment a given logic function, additional circuitry 
is required to select and program these 
fuses— circuitry that is not used in the final 
logic solution, but which is paid for in die area. 
This “chip overhead” cost becomes significant 
for simple applications that leave logic unused. 

The basic logic structure of the PAL, con- 
sisting of a programmable AND array whose 
outputs feed a fixed OR array, is shown in 
Figure 1-8. The PAL is low in cost and easy to 
program, like the PROM, but also is more flexi- 
ble, like the FPLA. Table 1-1 lists the 
characteristics of the three principal families 
of devices described here, and also others, for 
comparison. 


Table 1-1. 

Programmable Logic Device Summary 


Device 

AND 

OR 

Output Options 

PROM 

FPLA 

FPGA 

PMUX 

PAL 

Fixed 

Prog 

Prog 

Fix/Prog 

Prog 

Prog 

Prog 

None 

Fixed 

Fixed 

TS,OC 

TS,OC, Fusible Polarity 
TS,OC, Fusible Polarity 

TS 

TS, Registers, Feedback, I/O 



FIGURE 1-5. Blown Junctions Make the PAL Useful. 
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TABLE 1-2. THE PROGRAMMABLE ARRAY LOGIC (PAL®) FAMILY 


Std 
(35 ns) 

High 
Speed 
(25 ns) 

Pkg 

Pin 

Description 

10H8 

10H8A 

20 

10 Input, 8 output AND-OR array 

12H6 

12H6A 

20 

12 input, 6 output AND-OR array 

14H4 

14H4A 

20 

14 input, 4 output AND-OR array 

16H2 

16H2A 

20 

16 input, 2 output AND-OR array 

10L8 

10L8A 

20 

10 input, 8 output AND-OR array 

12L6 

12L6A 

20 

12 input, 6 output AND-OR array 

14L4 

14L4A 

20 

14 input, 4 output AND-OR array 

16L2 

16L2A 

20 

16 input, 2 output AND-OR array 

16C1 

16C1A 

20 

16 input, 1 output AND-OR/NOR array 

16L8 

16L8A 

20 

16 input, 8 output AND-pR-invert array 

16R8 

16R8A 

20 

16 input, 8 output AND-OR-register array 

16R6 

16R6A 

20 

16 input, 6 output AND-OR-register array 

16R4 

16R4A 

20 

16 input, 4 output AND-OR-register array 

16X4 


20 

16 Input, 4 output AND-OR-XOR-register array 

16A4 


20 

16 Input, 4 output AND-CARRY-OR-XOR register 

12L10 


24 

12 input, 10 output AND-OR invert array 

14L8 


24 

14 input, 8 output AND-OR-invert array 

16L6 


24 

16 input, 6 output AND-OR-invert array 

18L4 


24 

18 input, 4 output AND-OR-invert array 

20L2 


24 

20 input, 2 output AND-OR-invert array 

20C1 


24 

20 input, 1 output AND-OR/NOR array 

20L10 


24 

20 input, 10 output AND-OR-invert array 

20X10 

i 

24 

20 input, 10 output AND-OR-XOR-register array 

20X8 


24 

20 input, 8 output AND-OR-XOR-register array 

20X4 


24 

20 input, 4 Output AND-OR-XOR-register array 


PALs For Every Task 

The members of the PAL family are liste(j in 
Table 1-2. They are designed to cover the spec- 
trum of logic functions at lower cost and lower 
package count. This allows you to select the 
PAL that best fits your application. PALs come 
in four basic configurations: 

• Gates 

• Register Outputs With Feedback 

• Programmable I/O 

• Arithmetic Functions 

Gates 

For 20/20A series, PALs are available in sizes 
from 10x8 (10 inputs 8 outputs) to 16x2, with 
either active-high or active-low output configura- 
tions. For 24 series, PALs are available in sizes 
from 12 X 10 to 20 X 2 with active-low output con- 
figurations. One part has complementary out- 
puts with both series. This wide variety of in- 
put/output formats allows the PAL to replace 
many different-sized blocks of combinational 
logic with single packages. 


Register Outputs With Feedback 

High-end members of the PAL family feature 
latched data outputs with register feedback. 
Each sum or product term is stored in a D flip- 
flop on the rising edge of the system clock. 
(See Figure 1-9.) The Q output of the flip-flop 
can then be gated to the output pin by enabling 
the active-low TRI-STATE"- buffer. 

In addition to being available for transmission, 
the Q output is also fed back Into the PAL array 
as an Input term. This feedback allows the PAL 
to “remember” its prior state, and it can alter 
its function based upon that state. This allows 
you to configure the PAL as a state machine 
that can be programmed to execute elementary 
functions such as count up, count down, skip, 
shift, and branch. 


INPUTS, FEEDBACK AND I/O 
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Programmable I/O 

Another feature of the high-end members of 
the PAL family is programmable input/output. 
This allows the product terms to directly con- 
trol the outputs of the PAL. (See Figure 1-10.) 
One product term is used to enable the 
TRISTATE" buffer, which in turn gates the 
summation term to the output pin. The output 
is also fed back into the PAL array as an input. 
Thus, the PAL drives the I/O pin when the 
TRISTATE" gate is enabled; the I/O pin is an 
input to the PAL array when the TRISTATE" 
gate is disabled. This feature can be used to 
allocate available pins for I/O functions or to 
provide bidirectional output pins for opera- 
tions such as shifting and rotating serial data. 


Arithmetic Functions 

The aiithmetic functions add, subtract, greater 
than, and less than are implemented by two ad- 
ditional features of the register PAL. (See 
Figure 1-11.) Fjrst, the sums that are XORed at 
the input of a D flip-flop. This allows carries 
from previous operations to be XORed with 
current sums generated by the PAL array. 
Second, the Q output of the flip-flop is ORed 
with an input to form the terms I + 6, I -f /Q, I 
+ 0, and /I + 10 , which are then fed back into 
the PAL matrix. This option provides for ver- 
satile operations on two variables and 
facilitates the parallel generation of carries 
necessary for fast arithmetic operations. 
Figure 1-12 shows a PAL array, programmed to 
combine the available terms to form 16 logical 
products in an ALU or controller application. 


Technology 

National Semiconductor PALs are manufac- 
tured using the same high-volume, technology 
used in the manufacture of PROMs. This in- 
cludes state-of-the-art Schottky processing, 
dual-layer metal, and highly reliable titanium- 
tungsten fuses. NPN emitter followers make 
up the programmable AND array. The inputs 
are PNP transistors whose input impedance 
imposes a current drain of not more than 0.25 
mA on the source. All outputs are standard TTL 
drivers with internal active-pullup transistors. 
Typical PAL propagation delay is 25 ns for the 
standard version. 

Packaging 

All PAL versions are supplied in the space- 
saving 20 and 24-pin, 0.3-in. “thin-dip” package. 
This package offers one of the best pin-count- 
to-area ratios available. 

PALS also utilize National’s copper-lead-frame 
plastic package design that combines the low 
cost of plastic with the thermal characteristics 
of CERDIP to provide highly reliable, cost- 
effective components. 

Programming PALs are designed to be pro- 
grammed using standard, commercially 
available PROM programmers with the addition 
of the proper personality module and socket 
adapters. Some programmers with PAL pro- 
gramming capability are listed in the PAL Design 
section. 


INPUTS, FEEDBACK AND I/O 



FIGURE 1-10. PAL Bidirectional Circuit, Logic Diagram. 



FIGURE 1-11. Logic Structure of an Arithmetic PAL. 
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FIGURE 1*12. PAL Coding to Perform Typical ALU Functions. 
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PAL Part Numbers 

The PAL part number reveals the logic opera- generates 2 active-low output terms, is con- 
tion the part performs. (See Figure 1-13.) The tained in a 20-pin plastic dual-inline package, 
example shown, the DMPAL16L2NC, is a and meets commercial temperature-range 
device that accommodates 16 input terms and specifications. 


DIGITAL MEMORY 

PROGRAMMABLE ARRAY LOGIC FAMILY 
NML= NATIONAL MASKED LOGIC 
NUMBER OF ARRAY INPUTS 

OUTPUT TYPE: 

H = ACTIVE HIGH 
L = ACTIVE LOW 
C = COMPLEMENTARY 
R = REGISTER 
X = EXCLUSIVE-OR WITH 
REGISTER 

A = ARITHMETIC WITH REGISTER 
NUMBER OF OUTPUTS 
SPEED RANGE 

NO SYMBOL = STANDARD SPEED (35 ns) 
A = HIGH SPEED (25 ns) 

PACKAGE TYPE: 

N = PLASTIC DIP 
J = CERAMIC DIP 

TEMPERATURE RANGE: 

C = 0 TO 75 DEG. C 
M = -55TO -f- 125 DEG. C 


FIGURE 1-13. Meaning of PAL Part Number Code 


PAL Logic Symbols PAL10H8 

The logic symbols for each of the Individual 
PAL devices gives a concise functional 
description of that device. Figure 1-14 shows a 
typical logic symbol, that of the 10H8 gate 
array. 


FIGURE 1-14. Logic Symbol, DMPAL10H8. 
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National 
Semiconductor 

DATA SHEETS 

Programmable Array Logic (PAL®) 
Series 20/20A 


Programmable Logic 


Description 

The PAL® family utilizes National Semicon- 
ductor’s Schottky TTL process and bipolar 
PROM fusible-link technology to provide 
user-programmable logic to replace conven- 
tional SSI/MSI gates and flip-flops. Typical 
chip count reduction gained by using PALs is 
greater than 4:1. 

The family lets the systems engineer 
customize his chip by opening fusible links to 
configure AND and OR gates to perform his 
desired logic functions. Complex interconnec- 
tions that previously required timeconsuming 
layout are thus transferred from PC board to 
silicon where they can be easily modified dur- 
ing prototype checkout or production. 

The PAL transfer function is the familiar sum 
of products with a single array of fusible links. 
Unlike the PROM, the PAL is a programmable 
AND array driving a fixed OR array. (The PROM 
is a fixed AND array driving a programmable 
OR array.) In addition, the PAL family offers 
these options: 

• Variable input/output in ratio. 

• Programmable TRISTATE® outputs. 

• Registers and feedback. 


Table 2-1. Part Types 


Part 

Number 

Description 

PAL10H8 

OCTAL 10 INPUT ANO-OR GATE ARRAY 

PAL 12H6 

HEX 12 INPUT AND-OR GATE ARRAY 

PAL 14H4 

QUAD 14 INPUT AND-OR GATE ARRAY 

PAL 16H2 

DUAL 16 INPUT AND-OR GATE ARRAY 

PAL 16C1 

16 INPUT AND-OR/AND-OR-INVERT GATE ARRAY 

PAL 10L8 

OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY 

PAL 12L6 

HEX 12 INPUT AND-OR-INVERT GATE ARRAY 

PAL 14L4 

QUAD 14 INPUT AND-OR-INVERT GATE ARRAY 

PAL 16L2 

DUAL 16 INPUT AND-OR-INVERT GATE ARRAY 

PAL 16L8 

OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY 

PAL 16R8 

OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY 

PAL 16R6 

HEX 16 INPUT REGISTERED AND-OR GATE ARRAY 

PAL 16R4 

QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY 

PAL 16X4 

QUAD 16 INPUT REGISTERED AND-OR-XOR GATE ARRAY 

PAL 16A4 

QUAD 16 INPUT REGISTERED AND-CARRY-OR-XOR GATE ARRAY 


Unused Inputs are tied directly to Vqq or GND. 
Product terms with all fuses blown assume the 
logical high state, and product terms con- 
nected to both true and complement of any 
single input assume the logical low state. 
Registers consist of D type flip-flops that are 
loaded on the low-to-high transition of the 
clock. PAL logic diagrams are shown with all 
fuses blown, enabling the designer to use the 
diagrams as coding sheets. 

The entire PAL family Is programmed on con- 
ventional PROM programmers with appropriate 
personality and socket adapter cards. Once the 
PAL is programmed and verified, two addi- 
tional fuses may be blown to make verification 
difficult. This feature gives the user a pro- 
prietary circuit that is very difficult to copy. 

Features 

• Programnnable replacennent for conven- 
tional TTL logic. 

• Simplifies prototyping and board layout. 

• Thin DIP packages. 

• Reliable titanium-tungsten fuses. 

• Available in standard and high speed 
versions. 

• 25 ns max propagation delay for high 
speed versions (20A series) 


Part 

Number 

Description 

PAL10H8A 

OCTAL 10 INPUT AND-OR GATE ARRAY 

PAL12H6A 

HEX 12 INPUT AND-OR GATE ARRAY 

PAL14H4A 

QUAD 14 INPUT AND-OR GATE ARRAY 

PAC16H2A 

DUAL 16 INPUT AND-OR GATE ARRAY 

PAL16C1A 

16 INPUT AND-OR/AND-OR-INVERT GATE ARRAY 

PAL10L8A 

OCTAL 10 INPUT AND-OR INVERT GATE ARRAY 

PAL12L6A 

HEX 12 INPUT AND-OR-INVERT GATE ARRAY 

PAL14L4A 

QUAD 14 INPUT AND-OR-INVERT GATE ARRAY 

PAL16L2A 

DUAL 16 INPUT AND-OR-INVERT GATE ARRAY 

PALieLBA 

OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY 

PAL16R8A 

OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY 

PAL16R6A 

HEX 16 INPUT REGISTERED AND-OR GATE ARRAY 

PAL16R4A 

QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY 






Absolute Maximum Ratings 


Supply voltage Vqq 

Input voltage 

Off-state output voltage . 
Storage temperature range 


Operating 

Programming 

7.0 V 

12 V 

5.5V 

12 V 

5.5 V 

12 V 

-65°C 

to 150“C* 


10H8, 12H6, 14H4, i6H2, i6Ci, iOL8, 12L6, 14L4, 1812 

Electrical Characteristics 

Over Recommended Operating Temperature Range 


Symbol 

Parameter 

1 

Test Conditions 

Min Typ Max 

Unit 

V|H 

High-level input voltage 


2 

V 

V|L 

Low-level input voltage 


0.8 

V 

V|C 

Input clamp voltage 

Vqq = MIN l| = -18 mA 

-1.5 

V 

VqH 

High-level output voltage 

VCC = MIN ViH = 2V 

V|L = 0.8V Iqh = MAX 

2.4 

V 

Vql 

Low-level output voltage 

VCC = MIN V|H = 2V 

V|L = 0.8V Iql = max 

0.5 

V 

ll ■ 

Input current at maximum 
input voltage 

Vqq = MAX V] = 5.5 V 

1.0 

mA 

'IH 

High-level input current 

Vqc = MAX V| = 2.4V 

25 

M ' 

l|L 

Low-level input current 

Vqq = MAX V| = 0.4V 

-250 

mA 

•os 

Short-circuit output current 

Vqc = max Vo = 0V 

-30 -130 

mA 

•cc 

Supply current 

Vqq = MAX 

55 90 

mA 


Recommended Operating Conditions 


Symbol 

Parameter 

Military 

Min Norn Max 

Commercial 

Min Norn Max 

Unit 

Vcc 

Supply voltage 


4.75 5.00 5.25 

V 

•oh 

High-level output current 

-2.0 

-3.2 

mA 

•OL 

Low-level output current 

8 

8 

mA 

Ta 

Operating free air temperature 

-55 125 

.0 75 

“C 


Switching Characteristics 

Over Recommended Ranges of Temperature and Vqq 


1 

Military 

= -55“ to -H25“C 
Vcc = 5.0V ±10% 
Min Typ Max 

Commercial 

Ta = 0“ to 75“C 
Vcc = 5.0V ± 5% 
Min Typ Max 


Symbol 

Parameter 

Test Conditionstt 
R1=560fl 

R2 = 1.1 kn 

Unit 

^PD 

From any input to any output 

Cl = 15pF 

45 

25 35 

ns 


24 
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16L8, 16R8, 16R6, 16R4, 16X4, 16A4 
Electrical Characteristics 

Over Recommended Operating Temperature Range 


Symbol 

Parameter 

Test Conditions 

Min Typ Max 

Unit 

V|H 

High-level input voltage 


2 

V 

V|L 

Low-level input voltage 


0.8 

s 

V|C 

Input clamp voltage 

Vcc = MIN l| = -18 mA 

-1.5 

3 

VqH 

High-level output voltage 

VCC = MIN V|H = 2V 

ViL = 0.8V Iqh = max 

2.4 

V 

Vql 

Low-level output voltage 

Vcc = MIN V|H = 2V 
V|[_ = 0.8V loL = max 

0.5 

V 

'OZH 

Off-state output current 
highMevel voltage applied 

Vcc = max, V|h = 2V, 
Vq = 2.4V, VIL = 0.8V 

100 

Bi 

'OZL 

Off-state output current 
low-level voltage applied 

Vcc = max, V|h = 2V 
Vq = 0.4V, VIL = 0.8V 

- 100 


h 

Input current at maximum 
input voltage 


1.0 

mA 

JlH 

High-level input current 

Vcc max V| = 2.4V 

25 

mA 

l|L 

Low-level input current 

Vcc max V| = 0.4V 

-250 

mA 

•os 

Short-circuit output current 

Vcc = max Vo = 0V 

-30 -130 

mA 

•cc 

Supply 

Current 

16L8 

Vcc = max 

140 180 

mA 

16R4,16R6,16R8 

150 180 


Recommended Operating Conditions 


Symbol 

Parameter 

Military 

Min Nom Max 

Commercial 

Min Nom Max 

Unit 

Vcc 

Supply voltage 

4.5 5.0 5.5 

4.75 5.00 5.25 

V 

>OH 

High-level output current 

-2.0 

-3.2 

mA 

‘OL 

Low-level output current 

12 

24 

mA 

Ta 

Operating free air temperature 

-55 125* 

0 75 

*c 


^Operating Case Temperature only, Tq = 125*0 
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Switching Characteristics 

Over Recommended Ranges of Temperature and Vcc 



Military 

Ta = -55»to +125’C 
Vcc = 5-®V ±10% 
Min Typ Max 

Commercial 

= 0“ toZS-’C 

Vcc = 5.0V ± 5% 
Min Typ Max 


Symbol 

Parameter 

Test Conditlonstt 
R1,R2 

Unit 

*PD 

Input to output 

C|_ = 60pF 

25 45 

25 35 

ns 

^PD 

Clock to output 

15 25 

15 25 

ns 

^PZX 

Pin 11 to output enable 

15 25 

15 25 

ns 

^PXZ 

Pin 11 to output.disable 

Cl = 5pF 

15 25 

15 25 

ns 

^PZX 

Input to output enable 

Pl = 50pF 

25 45 

25 35 

ns 

^PXZ 

Input to output disable 

Cl = 5pF 

25 45 

25 35 

ns 

tw 

Width of clock 

High 


25 

25 

ns 

Low 


25 

25 

tsu 

Setup time 

16R8,16R6,16R4 


45 

35 

ns 

16X4,1 6A4 





Hold time 


0 - 15 

0 - 15 

ns 


ttSee Standard Test Load and Definition of Waveforms 


standard Test Load 



MEDPAL SMPAL 

" MIL COM’L ’ 

R1-390 R1=r200 R1=560 

R2 = 750 R2 = 390 R2 = 1.1k 


Test Waveforms 

Set-Up and Hold 


TIMING 

INPUT 

(SEE NOTE B) 

ISET UP 

I 

1 


DATA 

INPUT X 


HOLD 

K 

k 


Pulse Width 


HIGH-LEVEL 

PULSE 


LOW-LEVEL 

PULSE 



Propagation Delay 


Enable and Disable 




NoteB: Vj=l.5V. 

Note C: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
Note D: All input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, Zqut = 50n. 
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Absolute Maximum Ratings 

Operating 

Supply Voltage, Vcc 7V 

Input Voltage 5.5V 

Off -State Output Voltage 5.5 V 

Storage Temperature Range -65®' 


Bting Programming 

V 12V 

)V 12V 

>V 12V 

-65®C to +150®C 


10H8A, 12H6A, 14H4A, 16H2A, 16C1A, 10L8A, 12L6A, 14L4A, 16L2A 

Recommended Operating Conditions 




Military 

Commercial 

Symbol 

Parameter 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Vcc 

Supply Voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

•oh 

High Level Output Current 



-2 



-3.2 

loL 

Low Level Output Current 



12 



24 

Ta 

Operating Free-AIr Temperature 




0 


75 


Electrical Characteristics Over Recommended Operating Temperature Range 


Test Conditions 


Symbol 


V|H 


V|L 

V|C 


Parameter 


High Level Input Voltage 


Low Level input Voltage 
Input Clamp Voltage 




Vcc = Min., l| = -18mA 


High Level Output Voltage 


Vcc = Mln.,V,H = 2V 
V|L = 0.8V, loH = Max. 


Low Level Output Voltage 


Input Current at Maximum Input Voltage 


Vcc = Min.,V,H = 2V 
V|l = 0.8V, loL=Max. 


l|H 

High Level Input Current 

l|L 

Low Level Input Current 

Iqs 

Short Circuit Output Current 

Ice 

Supply Current 


Vcc = Max., Vi = 5.5 V 
Vcc = Max., V| = 2.4V 


Vcc = Max., V| = 0.4V 


Vcc = 5V 


Vcc = Max. 



Switching Characteristics Over Recommended Ranges of Temperature and Vcc 

Military: Ta = -55®C to +125®C, Vcc = 5V ±10% 
Commercial: Ta = 0 to 75®C, Vcc = 5 V ±5®/o 


Symbol 

Parameter 

tpD 

From any Input to any Output 



Commercia 


Typ. Max. Min. Typ. Max. 


Ct=15pF 



























I6L8A, 16R8A, 18R8A, 18R4A, 18X4A, 18A4A 

Recommended Operating Conditions 


Symbol 

Parameter 

1 Military 

Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Vcc 

Supply Voltage 

4.5 

5 

5.5 

4.75 

5 

5.25 

V 

tw 

Width of Clock 

Low 

20 

10 


15 

10 


ns 

High 

20 

10 


15 

10 


tsu 

Setup Time from Input 
or Feedback to Clock 

16R8A, 16R6A, 16R4A 

30 

16 


25 

16 


ns 


Hold Time 

0 

-10 


0 

-10 


ns 

Ta 

Operating Free-AIr Temperature 

-55 



0 

25 

75 

X 

Tc 

Operating Case Temperature 

i 


125 




®C 


Electrical Characteristics Over Recommended Operating Temperature Range 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Unit 

V|H 

High Level Input Voltage 


2 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

V|C 

Input Clamp Voltage 

Vcc = Min., l| = -18mA 


-0.8 

-1.5 

V 

VOH 

High Level Outppt Voltage 

Vcc = Min. 
V|l = 0.8V 
V,h = 2V 

loH = --2mA MIL 

2.4 

2.8 


V 

loH = ■"8.2 mA COM 

VoL 

Low Level Output Voltage 

Vcc = Min. 
V|l = 0.8V 
Vih = 2V 

loL=12mA MIL 

i 

0.3 

0.5 

V 

loL = 24mA*** COM 

bzH 

Off-state Output Current 

Vcc = Max. 
V|l = 0.8V 
Vih = 2V 

Vo = 2.4 V 



100 

mA 

•OZL 

Vb = 0.4V I 



-100 

mA 

ii 

Maximum Input Current 

Vcc = Max., V, = 5.5V 


- 

1 

mA 

l|H 

High Level Input Current 

Vcc = Max., V, = 2.4V 



25 

mA 

l|L 

Low Level Input Current 

Vcc = Max., V| = 0.4 V 


-0.02 

-0.25 

mA 

los 

Output Short-Circuit Current** 

Vcc = 5V Vo = 0V 

-30 

-70 

-130 

mA 

•cc 

Supply Current f 

Vcc = Max. 


120 

180 

mA 


Switching Characteristics Over Recommended Ranges of Temperature and Vcc 

Military; Ta = -55®C to +125°C*, Vcc = 5V ±10% 
Commercial: Ta = 0 to 75°C, Vcc = 5 V ±5% 


Symbol 

Parameter 

Test Conditionstt 

Military 

Commercial 

Unit 

R1,R2 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

tpD 

Input or Feedback to Output 

CL = 50pF 


15. 

30 


15 

25 

ns 

tcLK 

Clock to Output or Feedback 



10 

20 


10 

15 

ns 

tpzx 

Pin 11 to Output Enable 



10 

25 


10 

20 

ns 

tpxz 

Pin 11 to Output Disable 

Cl = 5pF 


11 

25 


11 

20 

ns 

fpzx 

input to Output Enable 

Cl = 50pF 


10 

30 


10 

25 

ns 

tpxz 

input to Output Disable 

Cl = 5pF 


13 

30 


13 

25 

ns 

^MAX 

Maximum Frequency 


20 

30 


25 

30 


ns 


t icc = M®x- minimum temperature. 
ttSee Waveforms, Test Load on pg. 24-21. 
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Table 2-2. Ta = 25°C 


Symbol 

Parameter 

Limits 

Min Typ Max 

Units 

V|HH 

Program-level input voltage 

11.5 11.75 12.0 

V 

' IlHH 

Program-level input current 

Output Program Pulse 

50 

mA 

OD,L/R 

25 

All Other Inputs 

5 

'CCH 

Program Supply Current 

400 

mA 

Tp 

Program Pulse Width 

10 50 

fiS 

‘d 

Delay time 

100 

ns 


Program Pulse duty cycle 

25 

% 

Vp 

Program/Verify-Protect-input voltage5.5V< Vcq<6V 

18 18.5 19 

V 

Ip 

Program/Verify-Protect-input current 

• 400 

mA 

fdv 

- Delay Time to Verify 

100 

ptS 


Programming 

PAL fuses are programmed using a low- 
voltage linear-select procedure which is com- 
mon to all 15 PAL types. The array is divided in- 
to two groups, products 0 through 31 and pro- 
ducts 32 through 63, for which pin identifica- 
tions are shown in Figure 2-2. To program a 
particular fuse, both an input line and a pro- 
duct line are selected according to the follow- 
ing procedure: 

1 . Raise Output Disable, OD, to V|hh* 

2 . Select an input line by specifying Ip, l-i , Ip, 

I3, I4, I5, l0, I7, and L/R as shown in Table 
12 . 

3 . Select a product line by specifying Aq, A-j , 

and Ao one-of-eight select as shown in 
Table 2-10. 

4 . Raise Vqq (pin 20) to V|hh*. 

5 . Program the fuse by pulsing the output 

pins Op of the selected product group to 
VpH as shown in Table 2-4. ' 

6 . Lower Vqq (pin 20) to 6.0 V. 


7 . Pulse the CLOCK pin and verify output 

pins Op to be Low for active Low PAL 
types or High for active High PAL types. 

8 . Lower VQQ(pin 20) to 4.5 V and repeat 

step 7. 

9 . Should the output not verify, repeat steps 

1 through 8 up to five (5) times. 

Repeat this procedure for all fuses to be blown. 
(See Figure 2-3.) 

To prevent further verification, two last fuses may 
be blown by raising pin 1 and pin 1 1 to 18.5 volts 
for 10 ms-1 sec. with Vcc at 6.0 volts. 


Voltage Legend 

L = Low-level input voltage, V|l 
H = High-level input voltage, V|h 

HH = High-level program voltage, V|hh 

Z = 10 k Ohms to 5.0 V. 
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National 

Semiconductor 


Programmable Logic 


Programmable Array Logic 
Series 24 


General Description 

The PAL® Series 24 family compliments the PAL Series 
20 family by providing two additional inputs and two 
additional outputs, allowing more complex functions in 
a single package. This new family is made feasible by 
the new 300 Mil-wide, 24-pin package. 

In addition to providing more logic functions per chip, 24 
pins allow for many natural functions which were pre- 
viously unavailable in 20-pin packages. Examples in- 
clude: 

• 8-bit parallel-in parallel-out counters 

• 8-blt parallel-in parallel-out shift registers 

• 16-Line-to-1-Line Multiplexers 

• Dual 8-Line-to-1-Line Multiplexers 

• Quad 4-Line-to-1-Line Multiplexers 

These natural functions provide twice the density of 
traditional 16-pin packages. 

The PAL family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible link technology 
to provide user programmable logic for replacing con- 
ventional SSI/MSI gates and flip-flops at reduced chip 
count. 

The family lets the systems engineer “design his own 
chip” by blowing fusible links to configure AND and OR 
gates to perform his desired logic function. Complex 
interconnections which previously required time- 
consuming layout are thus “lifted” from PC board etch 
and placed on silicon where they can be easily modified 
during prototype check-out or production. This often 
simplifies not only the PC board layout, but also the 
board itself. 

The PAL transfer function is the familiar sum of 
products. Like the PROM, the PAL has a single array of 
fusible links. Unlike the PROM, the PAL is a program- 
mable AND array driving a fixed OR array (the PROM Is 
a fixed AND array driving a programmable OR array). In 
addition the PAL provides these options: 


• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

Unused Inputs are tied directly to Vcc or GND. Product 
terms with all fuses blown assume the logical high 
state, and product terms connected to both true and 
complement of any single input assume the logical low 
state. Registers consist of D type flip-flops which are 
loaded on the low to high transition of the clock. PAL 
Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding 
sheets. 

The entire PAL family is programmed on inexpensive 
conventional PROM programmers with appropriate 
personality cards and socket adapters. Once the PAL is 
programmed and verified, two additional fuses may be 
blown to defeat verification. This feature gives the user 
a proprietary circuit which is very difficult to copy. 


Features 

■ Programmable replacement for conventional TTL 
logic. 

■ Reduces IC inventories substantially and simplifies 
their control. 

■ Reduces chip count by 5 to 1, typically. 

■ Expedites and simplifies prototyping and board 
layout. 

■ Saves space with 300 Mil-wide, 24-pln DIP packages. 

■ Programmed on standard PROM programmers. 

■ Programmable three-state outputs. 

■ Last fuse reduces possibility of copying by com- 
petitors. 


PAL is a registered trademark of and used under license with Monolithic Memories, Inc. 


Table 2-5. Part Types 


Part 

Number 

Description 

DMPAL12L10 

DECA 12 Input AND-OR-INVERT Gate Array 

DMPAL14L8 

OCTAL 14 Input AND-OR-INVERT Gate Array 

DMPAL16L6 

HEX 16 Input AND-OR-INVERT Gate Array 

DMPAL18L4 

QUAD 18 input AND-OR-INVERT Gate Array 

DMPAL20L10 

DECA 20 Input AND-OR-Invert Gate Array 

DMPAL20X10 

DECA 20 Input Registered AND-OR-XOR Gate Array 

DMPAL20X8 

OCTAL 20 Input Registered AND-OR-XOR Gate Array 

DMPAL20X4 

QUAD 20 Input Registered AND-OR-XOR Gate Array 

DMPAL20L2 

DUAL 20 Input AND-OR-INVERT Array 

DMPAL20C1 

SINGLE 20 Input AND-OR-INVERT Array 
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Absolute Maximum Ratings 

Operating Programming 

Supply Voltage, Vcc 7V 12V 

Input Voltage 5.5V 12V’^ 

Off-state Output Voltage 5.5V 12V 

Storage Temperature -65°C to +150®C 


Operating Conditions 





Military 


Commercial 


oymDol 

Parameter 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

unit 

Vcc 

Supply Voltage 

4.5 

5. 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating Free-air Temperature 




0 


75 

°C 

Tc 

Operating Case Temperature 

-55 


125 




°C 


Eiectrical Characteristics Over Operating Conditions 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Unit 

V|L 

Low Level Input Voltage 




0.8 

V 

V|H 

High Level Input Voltage 


2 



V 

Vic 

Input Clamp Voltage 

Vcc = Min. 

li = -18mA 



-1.5 

V 

l|L 

Low Level Input Current t 

Vcc = Max. 

V|=0.4V 



-0.25 

mA 

i|H 

High Level Input Current t 

Vcc = Max. 

V| = 2.4V 



1 

25 

mA 

l| 

Maximum Input Current 

Vcc = Max. 

V| = 5.5V 

i 


1 

mA 

VoL 

Low Level Output Voltage 

Vcc = Min. 

Vil = 0.8V 

V,h = 2V 

loL = 12mA MIL 

loL = 24mA COM 


1 

0.5 

V 

VoH 

High Level Output Voltage 

Vcc — Min. 

V,l = 0.8V 

V,h = 2V 

loH = -2mA MIL 

Iqh — “3.2mA COM 

2.4 



V 

•OZL 

Off-state Output Current t 

Vcc = Max. 

Vo = 0.4V 



-100 

mA 

•OZH 

V|L — u.ov 
V,h=2V 

Vo = 2.4V 



100 

mA 

•os 

Output Short-Circuit Current** 

Vcc = Max. 

> 

o 

il 

-30 


-130 

mA 



— Mav 

20X4, 20X8, 20X10 


120 

180 


•cc 

ouppiy ourreni 

Vcc — iviax. 

' 20L10 


90 

165 

m A 


t I/O pin leakage is the worst case of Iqzx or hx» l|L loZH' 

* Pins 1 and 13 may be raised to 22V max. 

** Oniy one output shorted at a time. 
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Switching Characteristics Over Operating Conditions 


Symbol 

Parameter 

Test Conditions 

R1, R2 

Military 

Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

tpD 

Input or Feedback to Output 

20L10, 20X10 

20X8, 20X4 

Cl = 50pF 


35 

60 


35 

50 

ns 

tpD 

Input or Feedback to Output 

12L10, 14L8, 16L6 
18L4, 20L2, 20C1 

Cl = 50pF 


25 

45 


25 

40 

ns 

tCLK 

Clock to Output or Feedback 

Cl = 50pF 


20 

40 


20 

30 

ns 

tpzx 

Pin 13 to Output Enable 

Cl = 50pF 


20 

45 


20 

35 

ns 

tpxz 

Pin 13 to Output Disable 

Cl = 5pF 


20 

45 


20 

35 

ns 

tpzx 

Input to Output Enable 

Cl = 50 pF 


35 

55 


35 

45 

ns 

tpxz 

Input to Output Disable 

Cl = 5pF 


35 

55 


35 

45 

ns 

tw 

Width of Clock 

Low 


30 



25 



ns 

High 


40 



35 



ns 

tsu 

Set-Up Time from Input or Feedback 


60 



50 



ns 

th 

Hold Time 


0 

-15 


0 

-15 


ns 

^MAX 

Maximum Frequency 


10.0 : 



12.5 



MHz 


Test Load 


Schematic of inputs and Outputs 


EQUIVALENT INPUT 


TYPICAL OUTPUT 



MIL 

R1 =390 
R2 = 750 


COM’L 
R1 =200 
R2 = 390 


Test Waveforms 


Set-Up and Hold 



TIMING j 

INPUT 

4, (SEE NOTES, ^ 



1 


uv 

DATA 

INPUT X 





k“ 


L0\W-LEVEL \ 

V PULSE 


Propagation Delay 


Enable and Disable 




IN-PHASE 

OUTPUT 



♦tpHL-*- 


4 “ 

tpLH 





OUT OF PHASE \] 

OUTPUT ' 




-ov 

- VoH 
-VOL 

- VoH 
-VOL 



Note A: Ci_ includes probe and jig capacitance. 

Note B; Vt= 1.5V. 

Note C: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
Note D: All input pulses are supplied by generators having the following characteristics; PRR = 1 MHz, Zqijt = 500. 
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Programming 

PAL fuses are programmed using a low-voltage linear- 
select procedure which Is common to all PAL types. The 
array Is divided into two groups, products 0 thru 39 and 
products 40 thru 79, for which pin identifications are 
shown in Pin Configurations below. To program a 
particular fuse, both an Input line and a product line are 
selected according to the following procedure: 

Step 1 Raise Output Disable, OD, to V|hh- 
Step 2 Select an input line by specifying Iq, h, I2, 13, U, I5, 
h, I 71 Is. I 9 and L/R as shown in Table 2-6. 

Step 3 Select a product line by specifying Aq and Ai 
one-of-four select as shown In Table 2-7. 

Step 4 Raise Vcc (pin 24) to V|hh- 
Step 5 Program the fuse by pulsing the output pins, O, 
of the selected product group to V|hh as shown 
In Programming Waveform. 


Step 6 Lower Vcc (P'n 24) to 6.0 V. 

Step 7 Pulse the CLOCK pin and verify the output pin, 
O, to be Low for active Low PAL types or High 
for active High PAL types. 

Step 8 Lower Vcc (pIn 24) to 4.5 V and repeat Step 7. 
Step 9 Should the output not verify, repeat steps 1 thru 
8 up to five (5) times. 

This procedure is repeated for all fuses to be blown (see 
Programming Waveforms). 

To prevent further verification, two last fuses may be 
blown by raising pin 1 and pin 13 to 18.5 volts with Vcc at 
6.0 volts. 


Voltage Legend L = Low Level Input Voltage, V|l 

H =High Level Input Voltage, V,H 


Table 2-6. Input Line Select 


Input 

Line 

Number 

Pin Identification 

I 9 

•a 

I 7 

•a 

•5 

I 4 

•3 

*2 

li 

•o 

L/R 

0 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

Z 

1 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

Z 

2 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

3 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

4 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

Z 

5 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

Z 

6 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

7 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

8 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

Z 

9 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

Z 

10 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

11 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

12 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

Z 

13 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

Z 

14 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

15 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

16 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

Z 

17 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

Z 

18 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

19 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

20 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

Z 

21 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

Z 

22 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

23 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

24 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

25 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

26 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

27 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

28 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

29 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

30 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

31 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

32 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

33 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

34 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

35 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

36 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

37 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

38 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

39 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 


HH =High Level Program Voltage, V|hh , 
Z = High Impedance (e.g. 10k Q to 5.0V) 


Table 2-7. Product Line Select 


Product 

Line 

Number 

Pin Identification 

O4 

O3 

02 

Oi 

Oo 

A2 

Ai 

Ao 

0, 40 

Z 

Z 

z 

z 

HH 

z 

Z 

Z 

1, 41 

Z 

Z 

z 

z 

HH 

z 

Z 

HH 

2, 42 

, z 

z 

z 

z 

HH 

z 

HH 

Z 

3, 43 

z 

z 

z 

z 

HH 

z 

HH 

HH 

8, 48 

z 

z 

z 

HH 

Z 

z 

Z 

Z 

9, 49 

z 

z 

z 

HH 

z 

z 

Z 

HH 

10, 50 

z 

z 

z 

HH 

z 

z 

HH 

Z 

11, 51 

z 

z 

z 

HH 

z 

z 

HH 

HH 

16, 56 

z 

z 

HH 

Z 

z 

z 

Z 

Z 

17, 57 

z 

z 

HH 

z 

z 

z 

Z 

HH 

18, 58 

z 

z 

HH 

z 

z 

z 

HH 

Z 

19, 59 

z 

z 

HH 

z 

z 

z 

HH 

HH 

24, 64 

z 

HH 

Z 

z 

z 

z 

Z 

Z 

25, 65 

z 

HH 

z 

z 

z 

z 

Z 

HH 

26, 66 

z 

HH 

z 

z 

■ z 

z 

HH 

Z 

27, 67 

z 

HH 

z 

z 

z 

z 

HH 

HH 

32, 72 

HH 

Z 

z 

z 

z 

z 

Z 

Z 

33, 73 

HH 

z 

z 

z 

z 

z 

Z 

HH 

34, 74 

HH 

z 

z 

z 

z 

z 

HH 

Z 

35, 75 

HH 

z 

z 

z 

z 

z 

HH 

HH 

36, 76 

HH 

z 

z 

z 

z 

HH 

Z 

Z 

37, 77 

HH 

z 

z 

z 

z 

HH 

Z 

HH 

38, 78 

HH 

z 

z 

z 

z 

HH 

HH 

Z 

39, 79 

HH 

z 

z 

z 

z 

HH 

HH 

HH 
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Pin Configurations 


PRODUCTS 0 THRU 39 PRODUCTS 40 THRU 79 


00 — 

1 

24 

— vcc 

CLOCK — 

1 

24 

— Vcc 

lo — 

2 

23 

00 

lo — 

2 

23 

L/R 

i1 — 

3 

22 

01 

I 1 

3 

22 

AO 

l 2 — 

4 

21 

02 

l 2 

4 

21 

Ai 

l3 — 

5 

20 

03 

I3 — 

5 

20 

A 2 

I4 — 

6 

19 

04 

I4 — 

6 

19 

NC 

l5 

7 

18 

NC 

I5 

7 

18 

00 

l 6 

S 

17 

— M 

«6 

B 

17 

— 0 i 

17 — 

9 

16 

Ai 

I7 — 

9 

16 

02 

18 — 

10 

15 

Ao 

la — 

10 

15 

O 3 , 

Ig — 

11 

14 

L/R 

I9 — 

11 

14 

O 4 

GND — 

12 

13 

CLOCK 

GND — 

12 

13 

00 


Programming Parameters ta= 25 °c 


Symbol 

Parameter 

Limits 

Unit 

Min. 

Typ. 

Max. 

V|HH 

Program-level Input Voltage 

11.5 

11.75 

12.0 

V 



Output Program Pulse 



50 


•iHH 

Program-level Input Current 

OD, L/R 



50 

mA 



All Other Inputs 



5 


•CCH 

Program Supply Current 



400 

mA 

Tp 

Program Pulse Width 

10 


50 

luS 

to 

Delay Time 

100 



ns 

tov 

Delay Time to Verify 

100 





Program Pulse Duty Cycle 



25 

% 

Vp 

Verify-Protect Input Voltage 5.5V < Vcc ^ 6.0V 

18 

18.5 

19 

V 

Ip 

Verify-Protect Input Current 



400 

mA 

Tpp 

Verify-Protect Pulse Width 

20 


50 

ms 


Programming Waveforms 
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PAL Design 
Selecting the Right PAL 

PAL part types come in small, medium, and 
large sizes, offering a wide range of complex- 
ities. The small PALs are also referred to as 
combinational because they just do logic func- 
tions. Four of these small PALs have ac- 
tive-high outputs (the “H” series), and four 
have active-low outputs (the “L” series), with a 
variety of input/output pin ratios. The one small 
PAL left over is the 16C1, which has com- 
plementary outputs. The small PAL types can 
replace random SSI gate functions at about a 
4-to-1 chip-count reduction. This group is 
designed to provide low-power Schottky (LS) 
fan-out and fan-in characteristics of 8 mA out- 
put sink (Iql) for totem-pole outputs and 0.25 
mA input loading (I|l). 


The simplest medium PAL, the 16L8, Is logical- 
ly the same as the 10L8, with six added Inputs 
that are shared with output pins. The 16 in its 
type number thus refers to the number of input 
variables to its AND matrix. Its unique logic is 
shown in Figure 3-2. Its TRI-STATE® outputs 
are controlled by lines from the AND matrix, so 
can be acted upon by input variables. These 
pins therefore serve as I/O In a bus-oriented en- 
vironment. 

Other medium PALs are the R (Register) 
devices. Figure 3-3 Is a simplified diagram 
showing the logic embodied in the R series. 
The unique feature of the Register PAL is the 
D-type register element following each OR 
gate. A common clock input latches data into 
all register elements simultaneously on the ris- 
ing edge of the clock pulse. The register out- 
puts are connected to TRI-STATE buffers, con- 
trolled by a common enable input. 



FIGURE 3-1. Typical Combinational Logic Application . 
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A significant feature of the register PALs is the 
register feedback path to the AND matrix. This 
feedback path allows the PALs to be used in 
state-machine applications in which the feed- 
back loops are all on-chip. These devices are 
especially useful in the design of custom 
registers, shifters, and counters. 

The three register PALs are the 16R8, 16R6, 
and 16R4, which have eight, six, and four 
register elements, respectively. Each has eight 
outputs; those not serving the register 
elements are of the I/O variety, like those on 
the 16L8, above. Their outputs are bus drivers 
that will deliver the standard LS output sink of 
24 mA (Iql). 

Two members of the PAL family (16x4 and 
16A4) are referred to as large PALs. These two 
devices facilitate the arithmetic functions, add, 
subtract, greater than, and less than, by means 


of the two additional features shown in Figure 
3-4. The sum of the products (OR outputs) is 
segmented into two, which are then XOR’d to 
the D flip-flop Input. This allows carries from 
previous operations to be XOR’d with the two 
variable sums generated by the AND array. 

A second feature Is the gating of the register 
feedback path and inputs, forming the terms 
I -I- Q, I -f /Q, /I -H Q, and /I + IQ. This provides ver- 
satile operations on two variables and 
facilitates the parallel generation of carries. 
These two parts also have bus-driver outputs. 
You can expect “compression ratios” (package 
count reductions) of up to 12:1 by comparison 
with existing combinations of MSI and 
discretes. You can also invent new and unique 
LSI functions with these parts, and Implement 
them without having to spend huge sums on 
masks or tooling. 
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Designing the PAL Once a particular PAL 
device is selected, it is time to generate the 
PAL design. This can be done either manually 
or through the use of a software tool called 
PALASM™, described bn page 24-41. 

The coding conventions adopted to describe 
PAL programming are described in Figure 
3-20. The arbitrary circuit of Figure 3-21 is us- 
ed as a design example for selecting and 


coding a PAL. Since no registers are called for, 
the device to implement this function may be 
selected from among the H, L, and C types. 
Since the lower part of the diagram displays 
AND-OR-INVERT functions, the L series is 
most likely. 



( 1 ) One 

— Fuse Intact 
-f Fuse Blown 

FIGURE 3-20. Coding Conventions. 
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The next step: the number of Inputs (10) 
and the number of outputs (6) Indicatesthat 
a 10L8, 12L6, or 16LB could accommodate 
the entire circuit. Since the 10(-8 and 12L6 
are "small" PALs and hence less costly than 
the 16L8 "medium" device, the choice 
should be made between these two if 
possible. A review of the 10L8’s logic 
dragram shows that all of Its NOR gates are 
two-input gates, and the design example 
requires a three-input gate. On the other 
hand, the 12L6 has two 4-input gates which 
will accommodate the three-input 
requirement. It, therefore, is selected. 
Having chosen an inverting type of PAL, 
you apply DeMorgan’s theorem to handle 
the inversion at the NOR gates feeding ail of 
its outputs. Demorgan’s theorem can be 
used to convert any logic form to the AND- 
OR/AND-NOR PAL format. This has been 
done in the equations below; the PAL AND- 
NOR format shown on the right. 

0-, = /!-, s /Oi = l-,(1) 

02 = /li*l2 = /O 2 = li + /l2(2) 

03=11 + 13 = /O3 = /li •/l3(3) 

04=^/(/i3*U) = /P4 = %*UW 

O5 = /(/la* I5 • *6 *7 *8 * *9) 


/O5 = /I3 • I5 *10+ I7 + 10 • I9 (5) 

^6 = 


IOq = lg»lg + /l3«/l7*l9*l'|0 (^) 


Assuming that there are no board layout con- 
straints, input l-j through may be assigned 
to pins 1 through 11. (Pin 10 is ground.) The 
only constraint on output pin assignment is 
that O5 must be assigned to pin 13 or 18 to take 
advantage of one of the 4-input NOR gates. 

Oi Is assigned to pin 18. To make this output 
the inverse of l^, leave input line 2 connected 
(not blown) to product line 8 and blow all the re- 
maining fuses on that product line. This is In- 
dicated by the X on the intersection of Input 
line 2 and product line 8 in Figure 3-24. 



O2 ll • I2 


FIGURE 3-22. The Logic Diagram and Expres- 
sion for Output 2. 



O 5 =S I 3 I 5 1$ + I 7 + Is I 9 


FiGURE 3*23. The Logic Diagram and Expres- 
sion for Output 5. 
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As the other three inputs to NOR gate 1 are not 
used, they are forced to zero by leaving all 
fuses intact on product lines 9,10, and 11. (As 
shown in Figure 3-20, instead of confusing the 
diagrann with many Xs, the unused inputs are 
indicated by Xs in the small AND symbols at 
the NOR gate inputs.) 

The next output, O 2 , is the AND function of /l-j 
and I 2 (Figure 3-22). In the L series, the AND 
gates cannot be brought to outputs without in- 
version, but by DeMorgan’s theorem, the 
equivalent function can be constructed by tak- 
ing the complements of the two inputs, ORing 
them, and inverting the result. Equation (2), on 
Page 24-36 shows the form that can be coded 
directly into the 12L6. The coding of this ex- 
pression, using pin 1 and the complement of 
pin 2 as inputs 1 and 2, respectively, and pin 17 
as output 2, is marked with Xs on product lines 
1 and 2 in Figure 3-24. 

Output O 3 is the OR of and I 3 . Again, the out- 
put inversion of the L series suggests the 
double-inversion application of DeMorgan’s 
theorem, as shown in Equation (3). To do this, 
connect input lines 3 (l-|) and 5 (I 3 ) to product 
line 24. Since no other input is needed to NOR 
gate 3, its other input is forced low by leaving 
all its fuses intact. The X at the unused gate in- 
put shows this on the diagram. 

Output O 4 is the NAND function of /I 3 and I 4 . 
This is accomplished by ANDing input line 5 
(/I 3 ) and input line 8 (I 4 ) on product line 32, 
which produces /(/I 3 • I 4 ) at the output of NOR 
gate 4, with its unused input tied to 0 (all fuses 
intact). 


Output O 5 is generated by ANDing /I 3 , I 5 , and 
|0 on product line 48, ANDing I 3 and Ig on line 
50, connecting ly to product line 49, and leav- 
ing unused line 51 grounded. (See Figures 3-23 
and 3-24.) 

Output 0^ is generated by ANDing Ig and Ig on 
product line 40 and /I 3 , /ly, In, and I-|q on pro- 
duct line 41, which, inverted by NOR gate 5, 
results In /Og. [See Equation ( 6 ).] 

The coding for a completed PAL design must 
be transformed into a format more readily inter- 
preted for execution on commercially available 
PROM programming devices. A form for doing 
this Is shown in Figure 3-25. The numbers 
along the top of the figure correspond with the 
input line numbers that appear across the top 
of the logic diagram (Figure 3-24). The product 
term line numbers along the left side of these 
two illustrations correspond also. 

Note that some of the boxes in Figure 3-25 are 
filled in with Gothic L’s. These represent phan- 
tom fuses, which are fuse locations not ac- 
cessible in the given device type but which 
must be accounted for to provide the program- 
mer with the proper data for verification. For 
the present, these entries can be ignored. To 
fill in the remaining boxes, begin wifh the first 
X marked on the logic diagram, Figure 3-24. It is 
located at the intersection of input line 2 and 
product term 8 . Since this is an intact fuse, an 
L (for Low) is entered in the corresponding box 
of Figure 3-25, as detailed below. 
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INPUT LINE 




PROM WORD 


5 6 7 8 10 11 12 

iTi yri liinnjTn 


IWORDI 


aoo 

E3Qfe3»Kr:aE!iir.7lk:9F^R3IIIinieai 

aaEdii^aaa^aaamai 

nmn 


O4 25 
O3 17 


mr 


yyimfn 

EAE313 

rawrj 






m 


ME 



NOTE 

Script L’s (X) are used to differentiate 
entries being programmed and entries 
already on the form. In practice, this is 
not necessary. 


acceptable by a device that programs 512 x 4 
PROMs. Thus, to program the example current- 
ly under discussion, insert the 12L6 PAL into 
the socket of a suitably configured program- 
mer and enter the following: 


Next L’s are entered in all of the blank spaces 

for product term 9 on the form (Fig. 3-25), since vjort 

this is an unused line, as indicated by the X at 

the input to the NOR gate for this product term No. 

on the logic diagram. Similarly, complete lines 

of L’s are entered for product terms 10 and 11. 0 

Every X on the logic diagram must be entered 1 

on the PAL programming form as an L or, in the 2 

case of the unused gate inputs, as a row of L’s. 3 

Figure 3-25 is shown with all the necessary L’s 4 

filled in. 5 

6 

Since all of the remaining fuses are to be • 

blown, H’s must be written Into the remaining • 

blanks. For clarity, this is not done in Figure • 

3-25, but a portion of the completed program- 1F 

ming format is shown below. 20 

21 

Once the programming format is complete, the 22 

Input line and product term numbers can be • 

forgotten. What the format sheet does is • 

translate these into their equivalent hex- • 

adecimal input words and outputs, in the form IFF 


Output 
O4 O3 O2 0 -| 

H H H L 
H H H L 
H L L L 
L H H L 
H H H L 
L H H L 
H H H L 


• 

H H H L 
L H L L 
L L L L 
L H L L 


L L L L 


After the PAL is programmed and verified, it must 
be tested logically in the PAL mode to eliminate 
defects which cannot be tested at the factory 
prior to programming. 
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Programming Format PAL 12L6 

PATTERN: 

DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 







ICIIL- 

icnai 


1171 R 1 IHIH 171 1711 

i BHPiBHHHHinHBgoiniaggpiliiiBiBiHninigBDiBniBBi 

^^nr 4 «r 4 E 4 F 4 »EJEmciiriE!iEiiiiiiirjm 3 i!iFJiEaniciEir 4 nnF^r 3 E 3 s 

I gnoiniiinBaiiDigoiaciniBningiigniBninigDiininigg 

l l?IiTTTtlgTii nityignEnETl ETlgyigTlgTjl g71ETltT»ltTilgTllTl|jTilEniRlBll?ElijagTl|jflg!lgnigyit.-1:li4>#gT>lC^gTl 

^^iiiniiiraiiiraiiiraniraraiiiraranirarapiiifnniiiraniraiiiiiiniiiniiiiii 
InaoiDiBannDinE 


ElCiBIEiFilgiEiEiBIFilllCiriFlClIIlElOClClEiHIIllliHiBiHFirjlEigiHII 


lananannaani 


an nBBBBDigiBBnnBi 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

, IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 


BBBBBBBBI 






IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

UBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

I BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

IcsnaEiigiaiaiQEaioigioEaBaEaiaEsaiaBciiiiniiaiiaiiacacacaiiocociacacaciiiiiiiiiii 

Ibbi 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

iBBBBBBBB BB BBBBBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
I bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

irJBBBBGlClFiBEliaBHiCliaBBClBHiBBBBI 

■■■■■BClClBHilllClBHilllClBHiCiraFJBBHEil 
inaiBnaiClClBBillllDIBHilllCIBailllCIBBBBiBI . 

l^maaiJIQlQaiQJI^i^lQaiQll^iEaiQSlQIia^l&DE&llBlIEIlllEDEEQfEBiEDElSIEQiEQaQIEQlEaiElDIEQiElDCEIllial 

^^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

■■■■■■ClClBBGlClBHiCGiCiriBClBHiBBBBBBr 

. IQIBBBBClIIlBBClClBBClCIBmilClHiHiBHiFIBElL. 

lriBF 3 F«»»F 4 FIHaGlCmEil]li;iB»UUlF 4 iElClB»Eflr 4 aC 3 F 4 E 3 »| 

liTTHiTTirminiiiFitratrafniiirTiireHiniitTiiioifiiiigHtrTniiTjirriiCTimiTOre^nn^iijnniTiifTOronftTininn^ 

, IClGlBBClClBBCliar^BBBiaSlI_. 

iBBBBBBBBBBBBBBBBBBBBBBBBBBBnBBBBl 

■ I bbbbbbbbbbbbbbbbbbbbbbbbbbbmbbbbI 

^^bbbbbbbbbbbbbbbbbbbbbbbdhibbbbbbbI 

lrj»BFiBEmF4PlSClia»E4ClC]BHClClFiraiClClSiB«^B»a»l 


■ I BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

^^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBDB 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

iBBBBBBBaBBBBBBBBBBBBBBBBBBBaBBBB 

I bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

I^^^OSQiQlQSDSQSDSIBSDSlISIliQllBSQBDiEBIQDiQlfQllllQIllDQiBDiBQiDEliSlIlQDlBIinjDlQOiQDiQQiQnnDQi^ 




7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-25. Programming Format Sheet for National Type 12L6 PAL.^*'^ 
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designed by writing logic equations to repre- 
sent the desired logic function. The output of 
PALASM is a programming tape that can be 
used as a data input by most PROM program- 
mers that have PAL personality cards. Its out- 
put format can be BHLF, BPNF, or Hex- 
adecimal. 

The simplest way to describe PALASM is with 
a design example. The same arbitrary sample 
function that is described on the previous 
pages is “designed” using PALASM in the 
discussion that follows. The logic diagram is 
shown in Figure 3-21. Figure 3-27 shows the 
logic operators recognized by the assembler. 
Figure 3-28 is the input to PALASM that is 
compiled by the program and generates the 
code for the programming device. 

= Equal 

:= Replaced by, following clock 
I Complement 
★ AND, PRODUCT 
-f OR, SUM 
:-f: XOR 
XNOR 

0 Conditional TRI-STATE IF 
statement, arithmetic 

FIGURE 3-27. PALASM Operators 



Active High Logic 

Active Low Logic 

(PAL 10H8, 12H6, . pppK,n 

(PAL 10L8, 12L6, , 

14L4; 16L2) 

1) Missing Output 

H(P,1) 

L(N,0) -6- 

2) Missing product 

L(N,0) -6- 

L(N,0) -o- 

3) Missing input lines 

H(P,1) 

H(P,1) 


Note 1: Missing product term overrides missing input line. 


Note 2: For PAL 16C1, first half of the array (product terms 0-31) acts as active high logic and the second 
half of the array (product terms 32-63) acts as active low logic device. 

FIGURE 3-26. PAL Phantom Fuse Symbology. 


Executing this sequence programs aType 12L6 
PAL to implement the logic function shown in 
Figure 3-21. Programming format sheets and 
logic diagrams that show all fuse locations for 
all 15 of the PAL devices are shown later in this 
section. 

Phantom Fuses 

Phantom fuse locations are those locations 
where a fuse does not exist. These are revealed 
as missing outputs, missing product terms, or 
missing input lines in the logic diagrams, 
Figures 3-5 through 3-19. PALs with phantom 
fuse locations appear the same to the program- 
ming device as partially programmed 512 x 4 
PROMs. As the programmer expects to verify, 
all 2048 locations, the PAL programming for- 
mat must provide the expected pattern for veri- 
fying nonexistent fuse nodes. When filling out 
the programming format, refer to Figure 3-26, 
the key to phantom fuse locations in the com- 
plete logic schematics that follow. 

PALASM TM 

Manual PAL coding, while practical for one or 
two designs, is far too tedious and error-prone 
for continual use. What is needed is a com- 
puter-aided design technique that automates 
the design process to the highest degree 
possible. One such design aid is a FOR- 
TRAN-lV-based software package called 
PALASM. This design aid allows PALs to be 
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The PALASM program Is Instructed to generate 
code with which to program the 12L6 by keying 
the sequence shown In Figure 3-28 Into its 
host computer as follows: 

Line 1; At the left margin, the PAL device Is 
specified. For this example, the 12L6 remains 
the best solution. “PAL DESIGN SPECIFICA- 
TION” Is entered at the right. 

Line 2: A unique pattern number for this PAL 
design is entered at the left margin on line 2, 
followed by designer’s name and date. 

Line 3: The name or description of the device 
or function Is entered. If this runs over one line, 
Line 4 may be used to complete it. 

Line 4: If not used to complete line 3, this line 
is skipped. 


Line 1 

PAL 12L6 PAL Design Specification 

Line 2 

PAT 1476 Bob Jones 5/10/81 

Line 3 

PAL Design Example 

Line 4 

Line 5 

h *2 *3 *4 *5 *6 ‘7 *8 *9 *10 ^5 

Line 6 

Og O4 O3O2 0 , NC Vpc 

Line 7 

Line 8 

/Oi = li 

Line 9 

IO 2 = 1-, + /I 2 

Line 10 

/O3 = /li * /I3 

Line 11 

/O4 = /I3 * I4 

Line 12 

1^6 = Is * *9 ^19 I3 * ^*7 * I9 * ho 

Line 13 

% = ^13 * I5 * le I7 le * I9 

Line 14 


Line 15 

Description 

Line 16 


Line 17 

This program is a design example describing 

Line 18 

the use of PALASM as a PAL design aid. 

An additional design example using PALASM is shown on page 24-46. This is followed by the com- 

plete PALASM listing. 


FIGURE 3-28. Example of PALASM (TM) Program Input 


Line 5, 6, and 7: These lines are used for pin 
assignments. All 20 of the pins on the PAL are 
assigned symbolic names, usually correspon- 
ding to the symbols used on the logic diagram. 
(Note that GND and must be included.) 
Assignment starts at pm 1 and proceeds se- 
quentially, through pin 20. (See Figure 3-24 for 
sample pinouts.) 

Line 8: Beginning on line 8, the logic equa- 
tions that describe the required functions are 
written using the symbols defined In lines 5, 6, 
'and 7, In the format applicable to the PAL 
selected. For example, the output of the 12L6 
is low for the selected product term; therefore, 
the logic equations must be of the form 
/Ox = f(li, l^v-)- The symbology used must be 
that shown in Figure 3-27. 
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PAL Programming Procedure 


The entire procedure for programming a PAL is shown in the block diagram below. The first step is to 
generate the logic equations and function table and then, using PALASM, to create bit pattern and com- 
pare logic equations with the function table. The third step is to load the bit pattern into a PAL program- 
mer* to program and verify the fuse matrix. The fourth step is functionally testing the PAL with test 
vectors on a functional tester. The last step, blowing the protect verify fuse, is optional. 


SET UP 

LOGIC EQUATIONS 


SETUP 

FUNCTION TABLE 


CREATE BIT 
PAHERN 


■ COMPARE LOGIC EQUATIONS I 
WITH FUNCTION TABLE I 


LOAD PATTERN 
INTO PROGRAMMER 


PROGRAM FUSE 
MATRIX 


VERIFY FUSE 
MATRIX 


J I CHECK PAL FUNCTIONS 
TESTER i I test VECTORS 


BLOW PROTECT 
VERIFY-FUSE 


* See next page for details of PAL programmers. 
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PAL Programmers 


Manufacturer 

Basic Equipment 

PAL-Modui 

Adapters 

PAL Design- 
Software 
inciuded 

Performs 

Logic 

Simulation 

Storage Media for 

Bit Test 

Pattern Vectors 

Programs 
20- 24- 

Pin Pin 

Blows 

Security 

Fuses 

Data I/O 

Model 17, 19, 29A 

1427 

1428-1 

no 

no 

Master — 

yes 

no 

no 


or 100A 


-2 

-3 



PAL 




Digelec 

/xP803 

FAM 51 

20-1-24 

yes 

no 

Master — 

yes 

yes 

yes 




pin socket 



PAL 




Kontron 

EPP 80 or 

MOD 21 

SA 27-1- 

no 

no 

Master — 

yes 

yes 

yes 


MPP80S 


SA 27 - 1 



PAL 




Prolog 

Progr. 910 or 

PM9068 

S 1 

no 

no 

Master — 

yes 

no 

yes 


980 or 


2 



PAL 





NSC Starplex"^^ 


3 







Stag 

PPX 

PM 202 -f 

AM10H8 

yes 

no 

Master — 

yes 

no 

yes 



BRAL 

• 



PAL 





All these systems program and verify the PALs in the PROM mode, they do not perform a logic simulation in the PAL mode 1. Additional (external) circuitry for 
logic slmqlation should be used if PALs go into volume production— otherwise a small percentage of the PALs will show failures when testing the complete 
PC board! OK for prototype-making. 


PAL Development Systems 


Basic Equipment 

PAL-Modul 

Adapters 

PAL Design- 
Software 
Included 

Performs 

Logic 

Simulation 

Storage Media for 

Bit Test 

Pattern Vectors 

Programs 
20- 24- 

Pin Pin 

Blows 

Security 

Fuses 

Model 17, 19, 29A 
or 100 

and any terminal 

Logic-Pack 

Design ad. 
and 

Progr. ad 

yes 

Yes, 

automatic 

or manual 
generation 
of test 

vectors 

Master 

PAL 

external 

yes 

yes 

yes 

/iP803 

FAM 52 

20 and 24- 
pin adapter 

yes 

Yes, 

automatic 

or manual 
generation 
of test 

vectors 

Master 

PAL 

external 

yes 

yes 

yes 


ZL30 


yes 

Yes, 

automatic 

or manual 
generation 
of test 

vectors 

Master 

PAL 

external 

yes 

yes 

yes 

any terminal 

SD20/24 


yes 

Yes, 
manual 
generation 
of test 

vectors 

Master external 

PAL or or 

internal 
on wafertape 

yes 

yes 

no 


All these systems allow software supported PAL design. They perform a fuse-verify in the PROM mode and can do a logic simulation in the PAL mode! 

All 5 programmers and 4 development systems can be connected with a host computer to run more sophisticated design software and/or for storage use. 
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PAL Legend 


Constants 


LOW (L) NEGATIVE (N) ZERO (0) 
HIGH (H) POSITIVE (P) ONE (1) 


GND FALSE 

Vqq true 


X ^ FUSE NOT BLOWN 

- I FUSE BLOWN 


Operators 


= EQUAL 

:= REPLACED BY FOLLOWING CLOCK 
/ COMPLEMENT 
* AND, PRODUCT 
+ OR, SUM 
: + : XOR 
XNOR 

( ) CONDITIONAL THREE STATE, IF STATEMENT, ARITHMETIC 


Equations 


standard Qi = 'i '2 ^ H '2 

PALASM 01 = IL*/I2 + /I1*I2 


Conventional Symbology 




PAL Symbology 



PAL Logic Diagram 


ACTIVE HIGH THREE STATE ENABLE 



24 
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Sample PAL Design Specification 


- PAL PART NO. (MUST START AT LINE 1. COLUMN 1) 


- NAME OF DEVICE (MUST START ON LINE 3) 


PALXXXX — ' / / PAL DESIGN SPECIFICATION 

PATXXXX > f AUTHOR'S NAME, DATE 

NAME OF DEVICE (EG. CLOCK GENERATOR, PORT ADDRESS DECODER, ETC) 

PINl PIN2 3/4 56789 GND 11 12 13 /14 15 16 /17 

18 19 VCC V 


19 = PIN1*4 + /PIN2 


- PIN LIST (MUST START ON LINE 5) 
CONSISTS OF 20 SYMBOLIC NAMES WHICH 
ARE CONSECUTIVELY ASSIGNED TO 
PINS 1 THRU 20. 


.18 = 5 + 6 + 7 + /8 + 9*11 
/17 := 8*9 


16 = 9*8 


IF (PIN1*PIN2) 15 = 3 + 6 
/14 = 3 + 6 

IF (VCC) 13 = 8*7 + PIN2 


-CONDITIONAL THREE STATE 


-PAL ASM STOPS COMPILING AT FIRST UNDEFINED SYMBOL 


I UNCTION TABLi: 


PINl PIN2 7 8 9 12 13 14 15 16 17 18 19 

H L X L L H H L U L H H L ; CLIiAR 


FIGURE 3-30. Sample PAL Design Specification. 
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PAL Design 


Listing 1. PALASM Source Code for 20 Series 

FILii: PAL20 FORTRAN A NSC TlilH SHARING SERVICES V?1/SP RELEASE 


C«=0'<‘PALASrt2O»!‘«=PALASrt 20««=PALASft20>>»PALAS!l20«}‘«P ALAS «2 0««P ALAS fl2 0«'«‘P ALAS «20PAL000 10 
C PAL00020 

C PALASrt 20 - TRANSLATES SYMBOLIC EQUATIONS INTO PAL OBJECT PAL00030 

C CODE FORMATTED FOR DIRECT INPUT TO STANDARD PAL00040 

C PROM PhOGRAflMEHS, PALOOOSJ 


EMBOLIC EQUATIONS INTO PAL OBJECT PAL00030 
L‘£D FOR DIRECT INPUT TO STANDARD PAL00040 
lEHS, PALOOOSJ 

PAL00060 

PAL DESIGN SPECIFICATION ASSIGNED PAL00070 
TO RPD(I), OPERATION CODES ARE PAL00080 
ASSIGNED TO aOP(D), PAL00090 

PALOO lOU 

ECHO, SIMULATION, AND FUSE PATTERN PALOOllO 
ARE ASSIGNED TO ?OF(b), HEX AND PAL00120 
sl»NARY PROGRAMMING FORMATS ARE PALOO 130 
ASSIGNED TO PDF (6) , PROMPTS AND PALOOIUO 
ERROR MESSAGES ARE ASSIGNED TO PAL00150 
pas (o) , PALOO IbO 


PART NUMBER; 


PIN LIST: 


EQUATIONS: 


operators: 


CHE PAL PART NUMBER MUST APPEAR 
IN COLUMN ONE OF LINE ONE. 

20 SYMBOLIC PIN NAMES MUST APPEAR 
STARTING ON LINE FIVE, 

STARTING FIRST LINE AFTER THE 
PIN LIST IN THE FOLLO*^iNG FORMS: 


:= B«J‘C ► D 


I F ( , ) C = 0 I* E 

A2 := (A 1 : «=: B I) /C 

ALL CHARACTERS FOLLO*«ING *;» 
IGNORED UNTIL THE NEXT LIME, 


BLANKS ARE IGNORED, 

( IN HIERARCHY OF EVALUAIION ) 

; COMMENT FOLLOWS 

/ COMPLEMENT 

^ AND (PRODUCT) 

► Oh (SUM) 

: !■: XOR (EXCLUSIVE OS) 

XNOR (EXCLUSIVE NOR) 

( ) CONDITIONAL THREE-STATE 
OR FIXED SYMBOL 
Equality 

:= REPLACED BY (AFTER CLOCK) 


FIXED SYMBOLS 
FOR ?ALlbX4 
AND PALloA4 


PALOO 130 
PALOO 140 
PALOO 150 
PALOO IbO 
PAL00170 
PALOO 180 
PALOO 190 
PAL00200 
PAL0D2 10 
PAL0U220 
PAL 00 2 30 
PAL00240 
PAL00250 
PAL00260 
PAL00270 
PAL002B0 
PAL00290 
PAL00300 
PALOOilD 
PAL00320 
PALOOSiO 
PAL00340 
PAL00350 
PALO03b0 
PAL00370 
PAL0Q38U 
PAL00390 
PAL00400 
PAL00410 
PAL0042G 
PAL00430 
PAL00440 
PAL00450 
?AL004b0 
PAL00470 
PAL0048U 
PAL00490 
PALOOSOO 
PALOOSIO 
PAL00520 
PAL00S30 
PAL00540 
PAL00S50 




fill: P/iL2u FOaiHAN k NSC TIME SHARING SERVICES Vcl/SP RELEASE 2,0 


C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

G 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 


0 N L 1£ : 

(AN »-/dN) 

WHERE a = 0,1,2, 3 


(« N *-dN) 

FOR OUTPUT PINS 


(AN) 

17, lb, 15, 14 , RESP 


(/AN V3n) 

A IS OUTPUT 


(/iiS) 

(AN: »-:bN) 
(AN-/d.\) 

(/ A N I- dS) 

( A N : : d H ) 

(UN) 

(AN-^dN) 

(/AN) 

(/AN=^/bN) 

(/AN=^dN) 

B IS INPUT 

F U N C IT C N 

L, H, X, Z, 

AND C ARE VALID 

T A ii L E : 

FL’N'CIION fA 

5LE VECTOR ENTRIES, 

s E F L R E N C L, : 

A COMPLETE 

USERS GUIDE Tj 


designing with pals using pal asm 

IS PHGViuED IN THE .lONOLITHIC 
nS.'^OHlES PAL HANOdOJK, 


SUb SOUTINES : INITLL, ^ETSiM, I NCR ATCH , r IXSYff , 
IX LA IE, ECHO, CAT, PINOUT , PLOT , TWHEK 
dl NS , HEX , SLI P , F AN rOJl , IODC2 , iODC4 , 
TEST , FIXTST 

REV LEVEL: 02/12/62 (VAX/VUS VERSION) 

0S/14/b2 (SAl/SAO FAULT TESTING) 
10/15/82 (JEDlC forma:) 
ijy:Iatiyaz Bengali 

AUIHORS: JOHN dIRKNER AND VINCEN: COLI 

MONOLITHIC MEMORIES INC, 

1165 EAST AhgUES AVENUE 
SUNNYVALE, CALIFORNIA 04 04 i 
(408) 7JO-353D 


FINE PKiNT: MONOLITHIC MEMORIES TAKES HO 

RESPONSIolLlTY FOR THE OPERATION 
OR MAINTENANCE OF THIS PROGRAM, 
THE SOURCE CODE AS PRINTED HERS 
PRODUCED THE OdJECT CODE OF THE 
EXAMPLES IN THE APPLICATIONS 
SECTION OH A VAX/VMS 11/780 
COMPUTER AND A NATIONAL CSS IBM 
5XSTEM/370 FORTRAN IV (G), 


P A LOO 5b 0 
P AL00S70 
PAL00680 
PALOOSSu 
PAL00600 
PAL00610 
PAL00620 
?AL00b30 
PAL0064 0 
FAL0065 j 
PAL00660 
PAL00670 
P AL006B0 
PALU0690 
P AL007UU 
P A L 0 v) 7 I 0 
PAL00720 
P A L 0 0 7 3 0 
PAL00740 
PALOO 750 
?AL007b0 
PAu0077d 
PALOO 780 
PAL007'3 0 
PAuOO 300 
P A L 0 0 b 1 0 
PAL0082U 
PAL0U830 
P AL00840 
PALO 0850 
P A L 0 0 8 6 0 
P AL00870 
PAL0D830 
PAL00850 
PAL00900 
? A L 0 0 3 1 0 
PAL0G920 
PAL00930 
PAL0094 0 
PAL0095O 
PALOOSbO 
PAL00970 
PAL0098C 
PAL00990 
PALO 1000 
PALOlOlO 
PALO 1020 
PALO 1030 
PALO 1040 




C PALOlObO 

C PAL01070 


C ' PALO 109 0 

C PALOnOO 
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FILE: PAL20 FORTRAN A NSC TIME SHARING SERVICES VM/SP RELEASE 2,0 


C MAIN PROGRAM 

C 

IMPLICIT INTEGER (A-Z) 

INTEGER IPAL(4) ,RESr(73) .PAXNUrt (bO) ,frTlE(B0) ,COMP(80) , 

1 I3VM(8,20) ,1BUF(8,20) 

LOGICAL LHLANK , LL £ F T , LA ND , LOR , LSL A SH , L E w U A L , L R IGH T , L XOR , LX NO H , 
\ LFrx,LFIR3T,L«ATCtl,LF0SES(3 2,64) , LPHAS E (20) , L BU F ( 20) , 

2 L? HOD (80) ,LSAM£, L ACT, LO PERK, LIN P,LPRD, L ERR, LS A H , LSAOl 
INTEGER BEL 

COMMON LBLANK, LL EFT, LAND, LO a ,LSL ASH, L EQUAL, LRIGHT, LXOR , LX NOR 
COMMON /PGE/ IPAGE(80, 200) 

COMMON /LFU3ES/LFUSE5 
COMMON /LUNIT/ PMS,POF,PCF 
COMMON /FTESI/ I FU NCT , I OESC , I EN D 

DAT A E/» £»/,0/*OV* T/»TVfP/* BV» H/* HV» S/»S '/»!/* LVf 

1 N/'NV,C/*C V#Q/* Q VfU/'y Vr F/’F V.R/'RV, A/» A»/rI/* IV. 

2 O/'JV 

DATA BB/» 3 V.CC/»C V. OD/ • D •/. E li/ * £ V . If*/ * F * / . H/ * I V . 00/ * 0 V . 

1 NN/» N V.OO/«OVr PP/*P V. RR/*RV»ss/»sv.tt/»tv.08/*uv 

DATA BEL/Z07000000/ < 

C 

C 

C ASSIGNMENT OF DATA SET REFERENCES 

C HPD - PAL DESIGN SPECIFICATION (INPUT) 

C ROC - OPERATION CODE (INPUT) 

C POF - ECHO, PINOUT, TEST, AND PLOT (OUTPUT) 

C PDF - HEX AND BINARY FORMAT PROGRAM TAPES (OUTPUT) 

C PMS - PROMPTS AND ERROR MESSAGES (OUTPUT) 

WRITE (b, 3) 

3 FOaMAT(/,* PALASM VERSION 1.5») 

WRITE (b, 1) 

1 FOHMAT(/,* WHAT IS THE LOGICAL UNIT NUMBER FOR OUTPUT(b)?: •) 
R£AD(5,2) LUN 

2 F0RMAT(I4) 

RPD=1 

fiOC = 5 
POF = b 
PDF = b 
PMS^ 10 
IFUNCT=0 
ID£SC=0 

C INITIALIZE L3AME AND LACT TO FALSE (ACTIVE HIGH/LOW ERROR) 

LSAME-, FALSE. 

LACT=. FALSE, 

C INITIALIZE LOPERR lO FALSE (OUTPUT PIN ERROR) 

LOPERR*. FALSE, 

C INITIALIZE LINP TO FALSE (INPUT PIN ERROR) 

L IN P=, FALSE. 

C INITIALIZE LPRD TO FALSE (PRODUCT LINE ERROR) 

L?HD=, FALSE, 

C READ IN FIRST 4 LINES OF THE PAL DESIGN SPECIFICATION 

R£AD(aPD, 10) IPAL,IN0AI,10T, I NOO, REST, PAX NUM, TITLE, COMP 
10 FORMAT (4A 1 , A I , A1 , Al , 73A I 80 A1 ,/,80Al ,/, 80A1) 

C READ IN PIN LIST (LINE S) THROUGH THE END OF THE PAL DESIGN 

C SPECIFICATION 


PAL01 no 
PALO 1 120 
PAL01 130 
PALOl 140 
PAL01 ISO 
PALO 1 160 
PALOl 170 
PALOnSC 
PAL011S0 
PAL01200 
PAL01210 
PALO 1220 
PALO 1230 
PAL0124G 
PAL012S0 
PALOl 260 
PA101270 
PALO 1280 
PAL012U0 
PALO 1300 
PAL01310 
PALO 1320 
PAL01330 
PALOl 340 
PAL01350 
PAL0t3b0 
PAL01370 
PAL01380 
PAL01390 
PALO 1400 
PAL01410 
PALO 1420 
PAL01430 
PALO I44U 
PAL01450 
PALO 1460 
PALO 1470 
PAL014b0 
PALO 1490 
PALOI5UO 
PAL01510 
PAL01S20 
PAL01530 
PAL01540 
PAL015S0 
PALO 1560 
PAL01570 
PALO 1580 
PAL01590 
PAL0I600 
PAL01610 
PAL01620 
PAL0163C 
PAL01640 
PALO 1650 
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FILE: PAL20 


FORTRAN 


NSC TIflE ShAHIhG SERVICES Vrf/S? RELEASE 2.0 


DO 15 J = 1 , 200 

READ(RP0,n,£ND=l6) ( 
FORMAT (00 A 1) 

CHECK FOR •FONCnON TAbLE 


(IPAGE (I, J) , 1 = 


AND SAVE jlTS 


1FUNCT,E2.0 , AND. IP AGE (I, J) .E'vFF.AND. 

I PAGE (2 , J) . EO . OU , AND. I PAGE ( 3 , J) , Eg. N N . AND , 
iPAGE (4,G) .Eg.CC, AND.IPAGE (5, J) .E'O.TT.AND. 

IPAGE ,Ev*II«AND.iPAGE(7,J) .K 0,00. AND. 

IPAG£(8,J) .E2.NN.aND.IPAGE(10,J) .ZO.TT.AND, 
I?AGE(12,J),l'v.S3.ANL.IPAGE(1L,J),E0,EE ) IFUNCT = J 
:K for ' DESCRIPIION* and save its line NJttbER 
IDESC.Sg.O . AN J, iPAG E ( I , J) , Eg , DD , A N D . 


1PAGE(2,J) .£g.EE.AND,IPAGE(i,J) 
IPaGE (4, J) . EQ.CC. A NO. I PAGE (S, J) 
IPAGe(C,J) ,Eg.II,AND.IPAGE(7,J) 
IPAGE(b,J) .Eg.Tr.ANj.iPAGE(3,J) 


Eg.SS.AND, 
Eg.RH.ASD, 
Eg, PP, AND , 
Eg, II .AND. 


SPECIFiCATION 


GO TO 24 


NAMES IN PIN LI5 


■j IPAGE(C,J) ,Eg.II,AND,IPAGE(7,J) .Eg.PP.AND, 

4 IPAGE(b,J) .Eg.Tr.ANj.iPAGE(3,J) .Eg, II. AND. 

5 IPAGE ( 1 0 , J) , Ev. 00 . AND. IPAGE ( II ,J} . r.g . NN ) IDESC = J 

15 CONIINUE 

SAVE THE LAST LINE NOMbER OF THE PAL DESIGN 5 P EC I F i C A T 1 0 N 

16 IENO = J- 1 

CALL INITLZ (INOAI , IGT, I NOG, irifPE,LFUSES,IC,IL, I BLOW, LFIX , IPCTR) 
i L E = i L 1 

PRINT ERROR MESSAGE FOR INVALID PAL PART TYPE 
IF (ITYPE, N£. 0) GO TO 1/ 

WRITE (PMS, I 6) IPAL, INOAI , lOT, INOO 
18 rORMAT(/,* PAL PART TYPE » , 4 A I , A I , A I , A 1 , * IS INCORRECT*) 

STOP 

GEiaOPlN NAMES 

17 CO 20 0=1, 20 

20 CALL GETS^M(LPhASL,ISYM,J,IC,rL,LFIX) 

IF (, NOT , (LE 20 AL .OR , LLEFI .OR, LAND. OR , LOR, OR , LRIGHT) ) GO TO 2 
WHi T£ (PMS , 2 1) 

23 FORMAr(/,» LESS THAN 20 PIN NAMES IN PIN LIST*) 

STOP 

24 ILE=rL 

BYPASS FUSE PLOT ASSEMBLY IF HAL (H IN COLUMN 1, LINE 1) 
iF( IPAL( 1) .Eg.H ) GO TO lOB 

25 CALL GETSYM (LBUF, I6UF, 1 , 1C, IL , LFil) 

28 I F ( , NOT . LEgU AL) GO TO 2b 

CGJNr=0 

ILL=LL 

CALL MATCH (IMATCH, laUF, IS YM) 

IF( iMATCh.Eg.O ) GO TO ICO 
IPRD=IMHTCii 

CHECK FOR VALID POLARITY 

LSAME = ( ( LPHASE (IM ATCh) ) , AND . ( L3UF(I)).0S, 

t (, NUr .LPHASE (IM ATCH) ) .AND .(. NOT. L3UF (1) ) ) 

1F( iOT.Eg.H.AND. (.NOT.LSAME) ) LACT=,IhUE, 

IF( (.NOT, (IOI.£g,H,OR.IOT,Eg.C)) .AND. (LSArtS) ) LACT^.TRUE, 
CHECK FOR VALID OUTPUT PIN 

IF( (ITYPE. Eg. I, OR. ITYPE, Eg. 5, OR. ITYPE. Eg, 6) .AND, 10 I, ME, A. 

I AND. (IMATCH , LT. 12 .OR, IM ATCH.GT, 10) ) LO? £R K= . T K U £ , 

IF ( ITYPE. Eg, 2 .AND. (IMATCH.LT, 1 3 , 0 R , IM ATC H , GT , 13) ) 

1 LOP£RH=.TRUE, 

IF( ITYPE, Eg, 3, A NO, (IMATCH.LT. 1 4 .OR , IM ATCH , GT , 17) ) 


.AND. ( L3UF (I) ) 

, AND . (. NOT. L3UF ( 1) ) 


) ) .OS. 

)) ) 

LACT=,IhUE, 

LACT^.TRUE, 


PALO 1660 
P A L 0 I 6 7 0 
PALO I68D 
PALO 1690 
PAL01 700 
PALO 1710 
PALO 1720 
PALO 1730 
PALO 1 740 
PALO 1 7bO 
PAL01 760 
PALO 1770 
PALO 1780 
PALO 1 790 
PALO 1 300 
PALOldlO 
PALO 1820 
PALO 133 0 
PALO 1840 
PALO 1850 
PAL01860 
PAL01870 
PALO 1880 
PALO 1890 
PALO 1900 
PALO 1910 
PAL01920 
PAL01930 
PALO 1940 
PALO 1950 
PALOIObO 
PALO 1970 
PALO 198 0 
PALO 1990 
PAL02000 
PAL02010 
PAL02020 
PAL02030 
PAL02040 
PAL02050 
PAL02060 
PAL02070 
PAL02060 
PAL02090 
PAL02 100 
PAL02 1 10 
PAL02 120 
PAL0213O 
PAL02140 
PAL02 IS J 
PAL02160 
PAL02170 
PAL021B0 
PAL02190 
PAL02200 
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FILE: PM20 


FOKTRA.^ A 


NSC TI«E SHARING SERVICES Vfl/S? RELEASE 2,0 


t 

1 


30 


I 


50 


1 

I 


S9 


c 


1 

I 

t 

\ 

1 

1 


56 

58 


LOPERR=, f RUE , 

IF( IT tPE, Eg, 4, A.SO, (itnATCa. LX, 1S,OR,I«ArCH, GI, 16) ) 

LOP ERR=. TRUE , 

IF( (LACT) .OR, (LOPERR) ) GO TO IOC 
1 8epRO= ( 19-ia ATca) i' i « . 

START PALIbCi ON PHOLUCT LINE 24 (I38?RO=25) 

IF (lur, Eg.C) x83PkO = 25 
IC = 0 

CALL INCH (IC, IL, LFIX) 

ir( , NOT. (LEQUAL.OR.LLEFT) ) GO TO 30 
LPHOD(I8dPaa}=,TRUE. 

IF( (.NOT.LLEFT) .AND, (aEST(3) ,NE,PP) ) CALL SLIP(LFUScS, 
IB8PRO. INOAI , lOT, INOO.ILLOW) 

DO 70 18 PRO= 1 , 1 6 

COUNT = COUNT ► 1 

iF( (LXOR) .AHD.IBPBO.NE.S ) GO TO 70 
IPROD = I68PaO V ittpao - \ 

LPROD (IPtiOD) = .TRUE, 

LFIRST=,TRU£. 
i LL=1L 

CALL GETSia (LBUF.iaUF, i,IC,IL, LFIX) 

IF ( (ITVP E. Eg, I .OR . IT Y PE. Eg, 2, AND. I PRD .GT . U 

. AND ,I PHD . LI , 18) . ANL.COUNT ,GT, 2 ) LPRO^.TRUS, 
iF( (IIYPE.£g.3,0e,ITYPE.Eg,2.AND,(IPRD.Eg,n,0R. 

IPRD.Eg. 18) ) . AND.COUNT,GT,4 ) LPRD=.TRU£. 

IF( lOr , NE., A, AND. lOr. NE .C. AND.COUNT ,GT , d ) LPRD^.TRUE, 
1 F ( , NOT, LPRD ) GO TO 69 

IF (IL.NE.IFUNCT.AND.IL.NE.IDESC) ILL=XL 
IPHOD = IPROD - I 
u 0 TO lib 

IF (LFI X) GO TO $9 

CALL f*. AICH (ICIATCH ,IbUF, ISYK) 

CHECK FOR INVALID INPUT PIN 

1F( ITYPE.Sg.l.AHD, (inAl'CH.GE. 12,ANL.iaATCH,LE,19) ) 
LINP^.TROE, 

1F( ITYPE,E2.2,AND, (IWATCa.GE, H . AN D , I a ATC H , L E , 1 8) ) 
LI NP=. TRUE. 

IF ( ITYPE.Eg. 3,AND, (IMATCri.GE, 1 4 , AN D , I K ATC H , L £ , 17) ) 
LINP=,rRU£. 

IF( ITYPE,Eg,4,AND, (I HATCH, Eg, 1 S , OR , I H ATC H , EQ , I b) ) 
LINP=,TRa£. 

IF ( ITY PE.Eg. 5,AND, (I HATCH, Eg. 1 2 . OR , Irt ATC H , £g. 19) ) 
LINP^.TRUE. 

IF ( ITYPE.Eg , 6, AND. (IHATCH. Eg, 1 .OR, IHATCH, Eg, 11) ) 

LINP=.rRUE. 
lLL=iL 

iF(LIH?) GO TO 100 

IF( IHAICH.Eg.O ) GO TO 100 

IF( IflAlCH.Eg. 10,OR.IrtAfCH.£g,99 ) GO TO 64 
IF (, NOT .LFIRST) GO 10 58 
LFIESr= . FALSE. 

DO -56 1= 1 , 32 

laLON * IBLOW ► 1 

L FUSES (I, I PROD) = ,TRUE, 

CALL IXLATE (IINPUT, IMATCH, LPH AS E , LB U F , IT Y P £) 


PAL022 10 
PAL02220 
PAL02230 
PAL0224C 
PAL02250 
PAL02260 
PA102270 
PAL02280 
PAL02290 
PAL02300 
PAL02310 
PAL02i20 
PAL02330 
PAL02340 
PAL02350 
PAL02360 
PAL02370 
PAL02380 
PAL02390 
PAL02400 
PAL02410 
PAL02420 
PALO 2430 
PAL02440 
PAL02450 
PAL02460 
PAL02470 
PAL02480 
PAL02490 
PAL02500 
PAL025 10 
PAL02520 
PAL02530 
PAL02540 
PAL02550 
PAL02560 
PAL02570 
PAL025BC 
PAL02S90 
PAL02600 
PAL02610 
PAL02620 
PAL02630 
PAL02640 
PAL02650 
PAL02660 
PAL0267U 
PAL026d0 
PAL02690 
PAL02700 
PAL0271U 
PAL02720 
PAL02730 
PAL02740 
PAL02750 


-K: PAL20 FGHIHAN A NSC Title SHAtiING SEciVICES Vn/S? RELEASE 2.U 


IF (ILMPUT , uE , 0) GO TO bO 
IbLOm = IjLOW “ 1 

LFUSE5(IiNPJr,lPriOD)=.FALSE, 

CALL PLOX(LBiJF,IoUF,LFUSES,i?uOD,rirLL,.FALSE,,Iiy?E, 
I LPR0D,IoP,13LuW,iPCTH) 

GO TO oC 


5 9 

CALL ,F 

I X 5 Y M ( L BU F , I a U F , IC , 1 L , L F I RS T , L F U S E S , I BL 0 W 

1 


IPROO,LfIX) 

bO 

i F' ( L A S 

D) oO TO DU 

b4 

iF(.NUr, 

L RIGHT) GO TO od 

6 6 

CALL 1 

NCr(Iv,,IL,LFIX) 


IF (.NO 

1 , L c 0 J A L ) GO TO 6 b 

o 8 

i b ( .NOT 

, (LOR , OR , LE 20 AL) ) GO TO 74 

70 

CONTINUE 


74 

I L L = I L 



CALL GET:>fn(Lt3liF,iBUF, l,lC,IL,LfIX) 

IF (LLEFI.OR. LigJAL) GO TO 2d 
100 IF( ILu, , IFUNCT.Uh. ILL.Eg, IDESC ) GO TO 102 

PRINT AN ERROR MESSAGE IF U N H ECOG'N I Z A ri L E SYMBOL 
ILEKR = ILL»'4 
W d i T E ( P f1 S , 9 9 ) BEL 
99 FORMAT ( » * , A 1) 

WRITE (P MS , lu 1) (I FUF (1, 1) , I = 1 , o ) , I L £ R R , ( 1 P A G £ { I , I L L ) , I = 1 , o 0) 

10 1 FORMAT (/,' ERROR SYMBOL = *,aAl,* IN LINE NUMBER ',IJ, 

1 ’ »9uA 1) 

PRINT A.N ERROR MESSAGE FOR ACTIVL HLGH/LOh PART 
IF( (LACi),AND,( Li AME) , AND , NOT, LOPEHR) ) 

1 WR ITE (PMS , 1 ) i) iPA L, INOAI , lOT, INOU 

10 3 FORf1AT(* ourpu: MUST BE INVERTED SINCE » , 4 A 1 , A I , A 1 , A I , 

1 • IS AN ACTIVE LOW DEVICE') 

iF( (LAC!) , AND . ( , NOT , LS AME) . AND , NOT. LOPLRR) ) 

1 WRI IS (PMS, I J9) iPAL , INOAI, TOT, INOO 

109 FORMAT (' OUTPUT CANNOT BE INVERTED SINCE » , 4 A 1 , A 1 , A I , A I , 
i ' IS AN ACTIVE HIGH DEVICE') 

PRINT AN C.RR0R MESSAGE FOR AN INVALID OUTPUT PIN 
I F ( ( LO ? K R R ) , A .1 D . I M A TC H . tN E , 0 ) 

1 WR n S (PMS , lOS) IM ATCH, IPAL, iNOnI, lOT, INOO 

lOS FORMAT (' Tr.iS PIN NUMBER ',IZ,' IS AN INVALID OUTPUT PIN', 

1 » FOR * ,4 A I , A 1 , A 1 , rt 1) 

PRINT AN ERROR MESSAGc cOH AN INVALID INPUT PIN 
I F ( L I N ?) W R I r E ( P n S , n S ) l M a T C d , I P a L , I no a I , I OT , I tN OO 
lib FORMAT (* THIS PIN NUMBER 13 AN INVALID INPUT PIN*, 

1 ' FOR »,4Al,Al,Al,Al) 

PRInI ah ERROR MESSAGE FOR IMVALIJ PRODUCT LINE 
MB ILEHH^ILt^J'U 

IF (LPRD) WRITE (PtiS, 1 1 9) 

1 (1SYM{I,IPRD) ,I=l,d) ,lPRj,iLERR, {I?AGE(I,ILL) ,I=1,dO) 

119 FORMAT!/, * OUTPUT PIN NAME = ',dAl,* OUTPUT PIN NUMBER = *,I2, 
I /,' MINTERM IN LINE NUMBER ',13,/,' »,dOAl) 

IF( LPRO. AND. COUNT, LT.d ) 

1 WHITE CPMS, I lo) IPHOD , IPAL, INOAl, lOT, IN 00 

116 FOnMAi’C THIS PRODUCT LINE NUMBER ',12,' IS NOT VALID', 

1 ' FOR ' ,4A 1, Al, Al,Al) , 

IF! LPKD.AND.COUNT.GT.B •) 

1 WR I TE (PMS , I 1 7) IPAL, INOAl, iOT, INOO 


P AL027bO 
PAL0277U 
PAL027B0 
PAL02 790 
?AL0280u 
PAL02dl0 
PALO 2820 
PAL0283 j 
PAL02840 
PAL028b'J 
PAL02eb0 
PAL02870 
PAL02860 
PAL0289C 
PAL02900 
PAL02310 
PALU292U 
PALO 293 0 
PALO 2 94 0 
PAL023b 0 
PAL02960 
P A L 0 2 9 7 0 
PALa2960 
PALO 2 99 0 
? A L 0 3 0 0 D 
PAL03010 
PAL03020 
PAL0303 0 
PAL0304D 
PAL030bU 
PALOJObO 
PAL03070 
PAL03Gb0 
PAL03090 
PA L 03 10 J 
P A L 0 3 1 I 0 
PALO 3 120 
PAL03 130 
PALO 3 140 
? A L 0 J I b 0 
PAL03 Ibu 
PAL03 170 
PAL03 180 
PAL03 190 
PAL03200 
PALO 3 2 1 J 
PALU3220 
PAL03230 
PAL03240 
PAL032b0 
PAL032b0 
PAL03 27u 
PALO 3260 
PAL03290 
PAL03300 
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PAL Design 


FILE; PAL20 


FORTRAN 


NSC TIflE SHARING SERVICES Vtt/SP RELEASE 2,0 


C 


C 


c 


c 

c 


c 


c 


117 FOI?«AT(» ilAXIlirt OF 6 PRODUCT LINES AHE VALID FOR » , 4 A 1 , A I , A 1 , A 1 , 
1 /,» TOO rtANV fllNTERMS ARE SPECIFIED IN THIS EQUATION*) 

STOP 

102 IT(ITVP£. L£, 4) CALL TWEEK (ITY PE , iOT, LFUSES) 

108 WRITE (b, 106) 

106 rORflAT(/,» OPERATION CODES:*) 

WRITS (6,107) 

107 FORflAT(/,* E=ECHO INPUT 0 = PiN0UT T^SIMULATE P^PLOT 3 = aRIEF*, 

1 /, » H=HEX S^SHORT L=BHLF N=BNPF C=CATAL0G Q*QUIT*, 

2 /,* F=FAULT TESTING J=JEDEC FOHRAT*) 


1 1 
12 


12 


n 


WRITE (6, 110) 



0 rOR«AT(/,* ENTER 

OPERATION CODE: •) 

READCEiOC, 120) 

lOP 


0 FORMAT (A 1) 



CALL IOl)C2 



IF(POF.N£,6) 

WRITE (POF, 12S) 

5 FOaMAT(» !•) 



IF (lOP, £^, £) 

CALL 

ECHO (IPAL, INOAl ,IOT, INOO.aSSX, PATNUM, TITLE, 

1 


COMP) 

IF (lOP.Ew.O) 

CALL 

PINOUT (IPAL, XNOAI,IOT,iNOO, TITLE) 

IF(IOP,£0,T) 

CALL 

TEST (LPHAS£,LBUF,TITL£,IC,IL, ILE, ISYM,XBUF, 

1 


ITYPE, INOO, LFIX, IPCTR , LERR , 1 S AF , IPCT 8 1 , 

2 ' 


.FALSE,, ALSE.) 

INITIALIZING 

THE 

TOTAL FAULTS, CALLING FOB SAl/SAO TEST 

ISAF=0 



IF(IOP,EQ,F) 

GO TO 200 

IF (lOP.EQ, JJ) 

CALL PLOIF 

5 IF(IOP.EQ,P) 

CALL 

PLOT(LBUF,IBUr,LFUSE5,IPHOD,TITLF, .TRUE. , ITYPE 

1 


LPHOD, IOP,i8LOW,lPCTa0) 

IF(IOP,EQ,B) 

CALL 

PLOT (LBUF, XBUF.LFUSES, I PROD, TITLE, .TRUE. , ITYPE 

1 


LPROD, IOP,IBLOW,I?CTa0) 

IF(IOP,£w.H) 

CALL 

HEX (LFUSES, H) 

IF(iOP,Ev,S) 

CALL 

HEX (LFUSES, S) 

IF(IOP,£Q, L) 

CALL 

BINR (LFUSES, H,L) 

IF (lOP, EQ, N) 

CALL 

BINE (LFUSES, P,N) 

1F(I0P,£^,C) 

CALL 

CAT 

CALL IODC4 



IF (IO?.HE,Q ) 

GO 

TO 108 

STOP 




SETTING THE PARAMETERS FOR SAl/SAO TESTS 
200 IPCTR^^O 


CALL TEST ( LP H AS E , LBU F , T IT LE , XC , li , ILE , I S If « , I BU F , I T Y P E , 

1 INOO, IFiX,IPCTR, LEftR,ISAF,IPCrfi 1, , F A LS £ . , . F AL S £ . ) 

IPCTR0=IPCTR 
LOOPING FOR SAI TEST 
DO 210 IPCTR 1= l,IPCTaO 
LSAl l=,TaU£, 

CALL TEST (L PH AS £ , IBU F , TITLE , XC , I L , ILE, 1 3 YM , IBU F , I T YP E , 

1 XNOO,IFiX,IPCTfi,L£aR,ISAF,IPCTH t,LSA 1 I, .FALSE,) 

210 CONTINUE 
ISAl^ISAF 

LOOPING FOR SAO TEST 
DO 21S IPCTR 1«1, IPCTRO 
LSA01=.TKUE, 


PAL033 10 
PAL03320 
PAL03330 
PAL03340 
PAL03350 
PAL03360 
PAL03370 
PALC3360 
PAL03390 
PAL03400 
PAL034 10 
PAL03420 
PAL03430 
PAL03440 
PAL034S0 
PAL03460 
PAL03470 
PAL0i480 
PAL03490 
PAL03500 
PAL03510 
PAL03520 
PAL03S30 
PAL03540 
PAL03550 
PAL03S60 
PAL03S70 
, PAL03580 
PAL03590 
, PAL03&00 
PAL03610 
PAL0i620 
PAL03630 
PAL03640 
PAL036S0 
?AL036b0 
PAL03670 
PAL03660 
PAL03690 
PAL03700 
PAL037I0 
PAL03720 
PAL03730 
PAL03740 
PAL03750 
PAL03760 
PAL03770 
PAL03780 
PAL03790 
PALOieOG 
PAL03810 
PAL03820 
PAL03830 
PAL03840 
PAL03850 


24-54 


PlLc: PM^O FOHTRAN A MSC TIrtE SHARING SERVICES Vtt/SP RELEASE 2,0 


CALL TLir(LPHAS£,L6UF,TITL£:,rC,IL,ILE,I5YM,IBGf,IT^f?E, 

I INOO , IFIX, IPCTK, LERR, ^SAF.IPCIfi I, , FALSE, , LS AG I) 

2 I 5 CONTINUE 

15 AO=ISAF-iSA 1 

IFAULT=(i:SAF«IOO)/(IPCTRO^-2) 

WRITE (POF, 2 20) ISA 1 

220 FORftAr(/,* NUKaEK OF STUCK AT ONE (SAl) FAULTS ASS =» IJ) 

WHITE (POF, 225) I3A0 

22 3 FORHAr(/,> NUfiBEH OF STUCK AT EERO (SAO) FAULTS ARE =' 13) 

WRITE (POF, 2 30) IFAULT 

2 3 0 FOHnAi’(/,» PRODUCT T E R i1 COVERAGE =» IJ,*i;',//) 

GO TO 133 
C 

KUO 

C 

c iUBnOUTINE is ADDED FOR J EDEC FORM 

C THE FOLLOWING SUBROUTINE GIVES JEDEC FORtlATTED OUTPUT FOR 
C PROGRAMMING COMPATIBILITY r^ITH DATA I/O PROGRAMMERS 
SUBROUTINE PLOTF 
IMPLICIT INTEGER (A-Z) 

LOGICAL LFUSES (j2,64) 

INTEGER iPUUF ( 32) ,ZERO,ONZ 

INTEGER 130 ^ {^) .IAOr, STX, ETX,IDEC (4) ,IPT,IINP, J 1 , 02 
INTEGER ID£CI0(4) ,I3UMV(4) ,ISUftIO(4) ,8UFIO(32) 

COMMON /LUNIT/ PMS,POF,PDF 
COMMON /IPT/ IPT 
COMMON /LFUSES/ LFUSES 
COMMON /SUM/ iSUtt, ^DiC,iPaur,BUFIO 
DATA ZERO/*CV» ONE/M*/ 

I A D r< = 0 
STX = 2 
£TX=j 

ISUM(2)=C . 

ISUM (4) =2 3U 
WRITE (POF, 10) STX 
10 FORflAT (» » , A 1 , • vFO* •) 

DO 300 I?r=l,b4 
DO 30 IINP= 1,32 

IF (LFUSES (IINP,I?1)) IPbuF(IiNP)=ONE 
IF(,NOT,(LFUS£a(IiS?,iPT))) I?dUJ(m<P)=Z£«0 
30 CONTINUE 

IF (LFUSES ( 1, IPT) ) GO 10 IQD 
IF ( , NOT , LFUSES ( 2 , IP T) ) GO TO 230 
100 IDEC(4)=iADK 
DO 15U J= I , 3 
J l = 5-J 
J2=4-J 

IDEC (J2) =^IDEC (J 1) / lu 

IDEC (J 1) =x DEC (J 1) - 10-5' ID EC (J 2) 

IDECIO(J1)=ICONV(10EC(J1)) 

150 CONTINUE 

IDECIO ( 1) =ICONy (IDEC ( 1) ) 

CALL SUMCHK 

WRITE (PDF, 20 1) IDECIO, IPbUF 
201 FORftATi* L*,4A1,* *,d(4Al,* * ) , * • ) 


P A LO 38b u 
PAL03870 
PAL03880 
PAL03890 
FAL03900 
PALO 39 10 
PAL03920 
PALO J930 
PAL03940 
PAL03950 
PAL03960 
PAL03970 
PAL0i980 
PAL03990 
PALOuOOC 
PALC40 10 
PAL04020 
P AL04030 
PAL04040 
PAL04030 
PAL0406 J 
PAL04070 
PAL04080 
PAL04090 
P A L 0 4 1 0 u 
PAL04 I 1 0 
PAL04 12C 
PAL04 130 
PAL04 140 
PALOu ISO 
PAL04 160 
PAL04 170 
PALO 4 18 0 
PAL04 190 
PAL04 200 
PAL04 2 10 
PAL04 220 
PAL042i0 
PALU4 240 
PAL04250 
PAL042fa0 
PAL04270 
PAL04 2b J 
PAL04290 
PAL04300 
PAL043 1 0 
PAL04320 
PAL04330 
P AL04 34 0 
PAL043S0 
PAL04i6Q 
PAL0437U 
PALOaiBQ 
PAL04390 
PAL04400 
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FILE: PAL20 


FORTH AN 


NSC Xl:l£ SHARING SERVICES VM/SP RELEASE 2,0 


2S0 IA08=IADR»- S2 
iOO CONTINUE 

ISUJIIQ ( 1) = rCONV (ISU?t(2)/1R) 

ISUM (2) (ISU« (2) , i6) I 

ISUHIO (2) =ICQNV (ISUH ( 2 ) ) 

ISUHIO (3) =ICONV (ISUtt (4) /1b) 

I SUM (4) =HOD (ISUM (4) , 1b) 

ISUMIO (4) =ICONV (ISUfl (4) ) 

WRITS (POF , 400) ETX,iSUttIO 
400 FORKAT(» , A 1 ,4A I , • »• ,/) 

RETURN 

END 

C 

C « 30c « « « :>9c iC « Its ^ ♦ lie <c 4c # « <c ^ ^ <t 4c jOc 4c 4t ^ « 4c ^ ^ « lOc 4c 

C 

C THIS SUBROUTINE CALCULATES THE SUflCHECK 
SUBROUTINE SUMCHK 
IMPLICIT INtEGSR (A-Z) 

LOGICAL LFUSES (32 ,64) 

INTEGER I?BUF(32), BUFIO(32) 

INTEGER iSUd (4) , IDEC (4) 

COMMON /IPT/ IPT 
COMMON /LFUSES/ LFUSES 
COMMON/SUM/ ISUM, IDEC,IPBUF,BUFiO 


PAL044 10 
PAL0442U 
PAL0443U 
PAL04440 
PAL044bd 
PAL04460 
PAL04470 
PAL044e0 
PAL04490 
PAL04500 
PAL0451L 
PAL04520 
PAL04530 
PAL0454U 
PAL04550 
PAL04560 
PAl04b70 
PAL04Sd J 
PAL04S90 
PAL0460G 
PAL04610 
PAL04&2G 
PAL04630 
PAL04640 



DO 50 J= 1 , 32 

PAL04650 


IF (LFUSES (J , IPX) ) BUFIO (J) ^49 

PAL04660 


IF(.NOr.LFUS£S (J,IPT) ) BUF 10 (0)^48 

PAL04670 


ISUM(4)=iSUM(4) fOUFIO (J) 

PAL04b60 


IP (ISUM (4) ,GE, 256) iSU M (2) = 1 S UM ( 2) 1 

PAL04690 


ISUM(4) =MOD (ISUM (4) , 256) 

PAL04700 

50 

CONTINUE 

PAL04710 


DO 100 J= 1,4 

PAL04720 


13UM (4) =I5UM (4) UDEC (J) 1-48 

PAL04730 


IF (I3UM (4) ,GE, 25 b) ISUM (2) =IS Urt (2) H 

PAL04740 


ISUM (4) = rtOD (ISUM (4) , 2 5b) 

PAL04750 

100 

CONTINUE 

PAL0476C 


ISUM (4)=ISUI1 (4) H73 

PAL04770 


ISUM (2) =XSUM (2) f 1 

PAL04780 


IF (ISUM (4) ,GE. 256) ISO fi (2) = IS OM ( 2) H 

PAL04790 


ISUM (4) =MOD (ISUM (4) , 256) 

PAL04800 


RETURN 

END 

C 4c 4c 4c 4( 4t 4c 4c 4c 4c 4c « 4c 4c 4c 4( 4c 4: 4c 4c 4c « 4c 4c 4c 4c 4 3Cc 4c 4c 4c 4c 4( 4c 4c 4= 4c 4c 4c 4c 4c 4c 4c 4c 4t * 4c 4c 4c 4c 

c 


PAL04B10 

PAL04e20 

PAL04830 

PAL04840 

PAL04850 


INTEGER FUNCTION ICOHV(K) 




PAL0486U 

IMPLICIT INTEGER (A-Z) 




PAL04870 

DATA A/*0« 

/,a/* iv.c/» 2 VtO/* 

3'/,E/'U>/,F/'5' 


6 V,H/' 7'/ 

PAL04880 

DATA I/*B» 

/, j/*9V.x/» av.l/* 

B'/.n/'CV.N/*D' 

'/,0/< 

e'/,p/'FV 

•PAL04890 

IF(K.Eg.O) 

ICONV=A 




PAL04900 

IF (K.EO. 1) 

IC0KV=b 




PAL04910 

IF(K.EU.2) 

ICONV«C 




PAL04920 

IF (K.E0.3) 

ICONV^D 




PAL04930 

IF(K.EQ.4) 

1C0NV=E 




PAL04940 

IF (K.EV.5) 

ICONV=F 




PAL04950 


24-56 


FILE; PAL20 FORTRAiJ A NSC TIME SHARING SERVICES VM/SP RELEASE 2,0 



IF (K,£^i.6) ICONV = G 


PAL04960 


IF (K,£Q, 7) ICON7=H 


PAL0497U 


IF (K. Eg.d) ICONV = l 


PAL049bQ 


IF (K , £^, 9) ICONV^J 

, 

PAL04990 


IF (K. Ev', 10) ICONV=X 


PALObOOO 


IF (K. . 11) ICONV=L 


PAL0S010 


IF (K. Ew. 12) ICONV=H 


PAL05020 


IF (K. £0, 1 i) ICONV=N 


PALObOSO 


I F ( K . E V , 1 4 ) 1 C 0 N V = C 


PAL05040 


IF (K. E;), lb) ICOi.V = P 


PALObOSO 


RETURN 


PALCbObO 


ENO 


PAL0b070 

c 



P AL050B0 

c 



P AL0S090 


c 



PALOS 1 1 0 


SU3ROUIINL INITLZ(IN0AI,10I, INOO,IT7PE, LFUSE 

S , IC , IL , IdLOW , LFIX , 

PALOS 120 


1 IPCTR) 


PALOS 130 

c 

THIS SURROUTINi INITIALIZES VAHIA3LES AND HATCHES PAL PART 

PALOS 140 

c 

NUHBER WITH ITIPE 


PALOS ISO 


IfIPLICIT INTEGER (A-Z) 


PALOS 160 


LOGICAL L3LANK,LL£FT,LAND,LOH,L3LASH,LEt'UAL, 

LRIGHT, LXOH , LXNOR, 

PAL0S170 


1 LFIX,LFUJLS(32,ba) 


PALOS IdO 


CO. 1 MON L3LANK,LLEFf,LANi;,L0R,LSLASH,LEvUAL, 

LRIGHT, LXOR , LXNOR 

PALOS 190 


COMMON /PG£/ IPAGE (dO , 2 0C) 


PAL05200 


DATA H/» ii */. !-/* i* V»^/*C '/r ‘9/* R V. X/* XV» A/* A 

Vr 

PAL0S2 1 0 


1 i0/» 0*/, 12/* 2* /• I4/*4»/, I^/* o»/. I^/*0 V 


PAL0S220 

c 

INITIALIZE LFUSES ARRAY (FUSE ARRAY) 


PAL05230 


DO 20 1 , b4 


PAL0S240 


DO 20 1=1,32 


PAL0S25Q 


20 LFUSES (I ,0) =, FA LSE. 


PAL05260 

c 

INITIALIZE IdLON (NUMoER OF FUSES BLOWN) 


?ftl.05270 


I3LOW=U 


PAL0S280 

c 

INITIALISE IPCIR (NUMBER OF PRODUCT TERMS) 


PAL0S29C 


IPCTR=*0 


PAL0S30U 

c 

initialize IC and XL (COLUMN AND LINE POINTERS) 

PAL0S3 10 


I C = 0 


PAL0S320 


IL= I 


PAL0S330 

c 

INITIALIZE ITYPE (PAL PART TYPE) 


PAL0S340 


ITYP£=0 


PAL0S350 

c 

ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR 7 

HESE PAL TYPES; 

PAL05360 

c 

PAL 10H6,?AL lOLd 

ITYPE=1 

PAL0S370 

c 

PAL12Hb,?ALI2L6 

IT YPE = 2 

PAL0S380 

c 

PAL l4ii'4, PALI 4L4 

IT YP£= 3 

PAL0S390 

c 

PALloH2,PALlbL2,PALtbCl 

ITYPE=4 

PAL0S400 

c 

PA L IbLd 

irY?£=S 

PAL0541G 

c 

?ALlbR4,PAL16Rfc),PALlbR8,PALlbX4,PAL1bA4 

ITYPE=b 

PAL0S420 

c 

DETERMINE ITYPL 


PAL0S430 


IF( IN0AI.E2.I0 ) 

IT YPE= 1 

PAL0S44U 


1F( INOaI,EQ,I2 ) 

ITYPE*2 

PAL054b0 


iF( IN0AI.£Q,I4 ) 

ITY?E=3 

PALObUbO 


IF( (INOAI , EQ, Ib) ) 

I rYPE=4 

PAL0S470 


IF ( (INOAI . Eg, IG) , AND, (INOO, Eg, Id) ) 

ITYPE=5 

PAL0S48C 


IF ( (lor , Eg, fi) . OR . (iOT . £g,X) , OR, (lOT, ED, A) ) 

ITYPE=6 

PAL0S49O 


IF( .NOr, (lOT, £g,H,OR,IOT,£g.L,OR,IOT, Eg,C 


PALOSSOd 


PAL Design 
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FILE: 

PAL20 FORTRAN A NSC TIME SHARING SERVICES V«/SP RELEASE 2.0 




.OH.IOT.Eg.R.OR.IOT.EQ.X.Oft.IOT.Eg.A) ) ITYPE^O 

PAL05510 



CALL INCH (IC.IL.LFIX) 

PAL05520 



RETURN 

PAL0553U 



END 

PAL055Ua 

c 



PAL05550 

C >0^ ^ ^ ^ ^ ^ ^ ^ ^ 4c 4( « 4c « 4 ^ ^ 4c ^ 10c ^ 4c «t ^ «c 4c 4c 4c « 4c p A I. 0 S 5 6 C 

c 



PlkL05570 



SUBROUTINE GETSYM ( LPH AS £ , 1 3 Ytt , J , IC , I L . L FI X) 

PAiOSSBQ 

c 


THIS SUBROUTINE GETS THE PIN NAKE, / IF COMPLEHENT LOGIC. AND 

PAL05590 

c 


THE FOLLOWING OPERATION SYHBOL IF ANY 

PAL05600 



IflPLICIT INTEGER (A-E) 

PALOSblC 



INTEGER ISYH(B.20) 

PAL05620 



LOGICAL LBLANK , LL EFT. LAND, LOR. LS LASH. LE <2 UAL. L RIGHT, LXOR. LXNOR. 

PAL05b3C 



LFIX,LPHASE(2U) 

P»L05b«0 



COHKON LBLANK . L L £ F X , L A ND . LOR , LSL AS li , L E U A L , LR IG HI . LX OR , LX NOR 

PAiOSbSO 



COHHON /PGE/ IPAG£(80,200) 

PAL05660 



DATA iBLANK/* •/ 

PAL05b70 



LFIX=. FALSE. 

PALOSbS J 



I?( .NOT, (LLEFT,Ofi,LAND.OR.LOR.Oft.LE\^UAL.OR,LRIGHT) ) GO TO 10 

PAL05b90 



CALL XHCR (IC.IL.LFXX) 

PAL05700 



IF(LL£FT) GO TO bO 

PAL0571U 


iO 

L?HASE(J)=( .NOT.ISLASH ) 

PAL0b720 



IF (LPHaSE (J) ) GO TO 15 

PAL05730 



CALL INCR (IC ,IL, LFIX) 

PAL0S740 


15 

DO 20 1= 1, 8 . 

PAL057S0 


20 

ISFrt (I,J)=I3LANK 

PAL05760 


25 

DO 30 1*1,7 

PAL05770 


30 

ISYH (I,J)*ISYf1(IH, J) 

PAL057B0 



ISYK (8, J) *IPAG£ (IC. IL) 

PaL05790 



Call incr(ic,il.lfix) 

PAL0560G 



IF( LLEFT.OH.LBLANK.OH.LAND.OH.LOa.OR.LRIGHr.OR.LEgUAL ) RETURN 

PAL05B10 



GO TO 25 

PAL0S820 


bO 

LriX=,TRUE, 

PAL05830 



RETURN 

PAL0bB40 



END 

PAL05850 

c 



PAL0S860 

C ^ ^ >4c « 4c 4c 4 « 4c 4c 4c >«c <( 4i >tc 4: 4e 4c 4( « « 4c « 4c 3»c 4t 4c 4: 4c 4c 4c 4i « <C 4c 4t 4( ♦ 4c 4c « 4c 4c 4c 4t 4t « 4c <c 4c 4c 4c 4c « 4c 4c 4c 4c ^ 4c 4c 4( ^ 4t « 4c 

PAL05870 

C 



PAL0S880 



SUBROUTINE I NC R (IC , I L , L FIX) 

PAL05890 

C 


THIS SUBROUTINE INCREMENTS COLUMN AND LINE POINTERS 

PAL0S90U 

C 


BLANKS AND CHARACTERS AFTER ARE IGNORED 

PALOS910 



IMPLICIT INTEGER (A-2) 

PAL05920 



LOGICAL LBLANK , L L E FT . L A N D . LOR . LSLASH , LEQ UAL, L RIGHT. LXOR, LXNOR, 

PAL05930 



LFIX.LXI 

PAL05940 



COMMON LBLANK , LLEFT, L A ND , LO R , LSL AS rt , L EQ U A L . L R IG HI , L XOR , LXNOR 

PAL05950 



COMMON /PGE/ IPAG E (80. 200) 

PAL059b0 



COMMON /LUNIT/ PMS.POF.PDF 

PAL0S970 



DATA IB LANK/* * / , I L E FT/ • ( » / , I A N D/ • 4^ • / . 10 R/ • i* • / , COM ENT/ * ; */. 

PAL05980 



ISLASH/*/*/.IEOUAL/**»/, IRIGHT/*) '/.ICOLON/* : »/ 

PAL05990 



LBLANK*. FALSE. 

PALObOOO 



LXOR*. FALSE, 

PALObOlO 



LXNOR*. FALSE. 

PAL0S020 



LX 1*. FALSE. 

PAL0b030 



LRIGHT*. FALSE, 

PAL0604U 


10 

IC = ICH 

PALObOSO 
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KILi;: PAL20 


FORTRAN 


KSC TIME SHARING SERVICES Vtt/SP RELEASE 2,0 


, Eg.ICOLON, AND, (LFIX) ) RETURN 
,NE,IBLANK ) GO TO J1 


, NE, ICOLON ) GO 70 ^2 
) GO TO 33 


IF(IC ,LK,79 ,AND, IPAG E (IC , I L) , ME , COKE NT) GO TO 30 
IL = ILH 

IF (IL.LE. 20U) GO 10 20 
WRITE (PKS, 15) 

15 FORKATt/,* SOURCE FILE EXCEEDS 200 LINES OR KISSING*, 

I * DESCRIPTION OK FUNCTION TAbLE KEY WORD*) 

STOP 

20 IC=0 

GO TO 10 

30 IF ( IPAGE(IC, IL) . 

IF ( IPAGE (IC , IL) . 

LbLANK=,TKU£. 

GO TO 10 

31 IF ( IPAGE (IC, IL) , 

IF ( (LXOR) ,OR, (LXNOH) 

LX1*,T3UE, 

GO TO 10 

33 IF(LXOR) 

IF (LXNOH; 

RETURN 

3 2 IF ( , NOT, (LX I , AND, (IPAGE (IC , IL) , E w lOR , 0 R , I P AG E (I C , I L) , £ , I A ND) ) 
1 GO 10 34 

IF( IPnGE (IC , IL) , Eg. iOH ) LX0R=.TRUE, 

IF( I PAGE (IC , IL) , £v . lAND ) LXNOR=,TRUE, 

GO TO 10 

,Eg,ILEFX ) 

» E g , 1 A N D ) 

, E , I 0 £< ) 
iEg,iSLASH ) 

,£g,IEvUML) 

.Eg.IRIGHT ) 


PALOGObu 
PAL0fa07u 
» PAL060B0 
PALObOS 0 
PALOb too 
PAL0611U 
PALOb 12U 
PALObUu 
PALOblLu 
PALOb 150 
PALOb 16^ 
PALOb 170 
PALOb 18 j 
PAL0b190 
PAL0b200 
PAL0b2 1 0 
PAL0b220 
PAL0b230 
PAL0b24 0 
PAL0b250 
) PAL0b2b0 
PAL0b270 
PAL06280 
PAL0b290 
PALObiOO 
PAL063 lb 
PALObJ20 
PAL0b3 ib 
PAL0b34C 
PALObJSO 
PALObSbO 
PAL0b370 
PALOb 380 

C PALObSUO 

C PALObUlu 

PALOb 4 20 
:HE £gUATIONPALOb43U 


LOR=, true. 
LAND* .TRUE. 


34 LLSFT =( IPAGE(iC,IL) 
LAND =( IPAG£(lC,iL) 
LOH *( IPASE(IC,IL) 
LSLA5H=( IPAGE(IC,IL) 
LEgUAL* ( IPAGE (iC ,iL) 
LRIGHT=( IPAGE(IC,iL) 
RETURN 
END 


10 


2 0 


SUdROUTINE MATCH ( IK ATC H , IBUF , I S Yrt) 

THIS SUBROUTINE FINDS A KATCH BETWEEN THE PIN NAME IN 
AND THE PIN NAME IN THE PIN LIST OR FUNCTION TABLE PIN LIST PAL0o440 

IMPLICIT INTEGER (A-Z) PAL0b45C 

INTEGER IBUF (3, 20) ,iSt M (B,20) PAL0b4b0 

LOGICAL LMATCH ' PAL0b470 

DATA C/*C*/, A/* A*/,R/*R*/,Y/' £•/ PALOb4aO 

IMAXCH*0 PAL0b49U 

DO 20 0=1, 20 PALObSCO 

LMATCH= .TRUE, PALObSlO 

DO 10 1=1, d PAL0b520 

LMATCH = LMATCH. AND, (IBUF (I, 1) ,Eg,I 5 YM (I, J) ) PALO 65 3 0 

IF(LMATCIl) IMATCH = J PAL0b540 

CONTINUE PALObSSO 

MATCH CARRY WHICH 13 FOUND IN THE PALlbAU ' PALObSbO 

IF( IBUF (3, 1) . Eg. C. AND, IBUF (4,1) .Eg. A. AND, IBUF (5, 1) .Eg.R.AND, PAL05570 

I IBUF (o , 1) , Eg, R, AND.IBUF (7 , 1) .Eg, Y ) I«ATCH = 99 PALObbBO 

RETURN PALObbSO 

END PALObbOO 


PAL Design 



PAL Design 


FILS: PJ^L20 


FOaTRAH 


NSC TIME SHARING SERVICES VJ1/SP RELEASE 2,0 


C PAL066i0 

C PAL06b30 

PAL06640 

C THIS SyaROUTINE FINDS A HATCH aETMEEN THE INPUT PIN NUHBER AND PAL06656 

C THE INPUT MINE NUMBER FOR A SPECIFIC PAL. ADD I TO THE INPUT PAL0b660 

C LINS NUMBER IF THE PIN IS A COMPLEMENT PAL06670 

PAL0668U 
PAL06690 
PAL06700 
PALOb710 
PALOS720 
PAL06730 
PAL0674a 
PAL06750 
PAL0676U 
PAL0677U 
PAL0678J 
PAL0679G 
PAL06800 
PALObBIO 


SUBROUTINE I XL ATE (II N PU T , IM ATC H , LPH AS E , L BUF , IT V P E) 

THIS SUBROUTINE FINDS A KAT’CH BETWEEN THE INPUT PIN NUMBER AND 
THE INPUT LINE NUMBER FOR A SPECIFIC PAL. ADD I TO THE INPUT 
LINS NUMBER IF THE PIN IS A COMPLEMENT 
IMPLICIT INTEGER (A-2j 
INTEGER irAaL£(20,6) 

LOGICAL LPhASE (20) ,LSUF (20) 

DATA ITASLE/ 

3, 1, S, 9, 13. 17,2 1,25, 29. - 10, 3 1 , - 1.- 1 , -W-1, -1,-1, -1,-1, -20, 
3, 1, 5, 9,13.17,21,25,29,-10,31,27,-1,-1,-1,-1.-1,-1, 7.-20, 

9, 13,17,21,25,2 9,-10,51,27,23,-1,-1,-1,-1,11, 7,-2 0, 
9, 1 3, 17,2 1, 25,29, - 10, 3 1 ,27, 2 3, 19, - 1 , - 1 , 15 , 1 1 , 7 ,-20, 
9,l3,17,2l,25,29,-10,31,-1,27,23,i9,lD,11, 7, -I, -20, 
9, 13, 17, 21, 25, 29, - 10 , -1,31, 27, 23, 19, 15, 11, 


3, 

3, 

3, 

-1. 
IINPUT=0 
i3U5L=0 

in(( 


1 r 

t, 


•> t 


7, 3,-20/ 


L PHASE (IMATCH) ) . A ND , ( . NO! . LBU F ( I) ) ) .OR. 


1 


( ( . NOT , LPH A5E (IMATCH) ) . AND , ( 


LbUF ( 1) ) ) ) IBUdL* 1 


IF( ITABLE (IMATCH, ITXPS) .GT.O ) 1 1 N PUT= I T ABLE ( IM ATC H , IT I ? E) f IBUB L PAL06820 

RETURN PAL06830 

END PAL06840 

C PAL06850 

C ♦ 30: «« 3«t 3)t JOt ^ Ijt ipt « <C Jjt « « « ♦ 30t <t TOt <t « « « :> « Jjt <c Jjc « ♦ Ullis <c ^ * ♦ <c » <c « igt «)C « <t « <C « ♦ flt p A L 0 6 8 6 0 

C PAL08870 

PALObbSO 

C THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE PALOb890 

C PALlbX4 AND PALlbA4 PAL06900 

PAL0b910 
PAL06920 
PAL06930 
PAL0694Q 
PAL0b95Q 

1 iAND/*<^»/rN/» N*/.Q/*Q*/f nO/»U»/» N l/* 1»/»N2/* 2*/»H3/» 3V» PALO 6960 

2 iCOLON/*:*/# PAL0b970 


SUBROUTINE FIXSYM ( LBU F , i B U F , I C , I L , L Fi hST , LF USES , I BLO W , I PROD , LF I X) 
THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE 
PALlbX4 AND PAL16A4 
IMPLICIT INTEGER (A-Z) 

LOGICAL LBUF (20) , LFU S E S ( 32 , o4) , LF IR ST , LM ATC H , L FIX 
INTEGER IBUF (8 , 2 0) , FIXBUF (8) , TABLE (:>, 14) 

COMMON /PG£/ IPAGE (80, 200) 

DATA A/» A»/#B/'B»/,ISLASh/*/*/fIOR/» ♦• » / » I BL A N K/ ' »/. I RIGHT/*) •/, 

iAND/*<^*/,N/» N*/,Q/*Q*/,N0/*U*/, N1/* 1»/,N2/* 2*/,H3/*3*/, 
iCOLON/* : »/, 


3 

TABLE / 


• » ,»A» 


• 1- » 

. V 


•B* 

1 

1 • t 

9 

,»A*,»M 

4 

1 1 1 1 1 • 1 1 
$ 9 $ 

t* A* 

, •/• , • A* 


» 

,'/• 



1 

»,* ' 

•»•/* 

5 

t&l l.l Ifl |.l 

.•B* 

,* »,*A* 


• tf. • 

,*/* 


•B* 

1 

• »’/• 

r * A*, 

b 

Ia* *** >4(1 *■* 

" f • f ^ • 

,*B» 

1 • • • 
V 9 


1 1 

• 1 

9 


*S* 

1 

• 1 1 
f 

,*A» ,*^* 

7 

t 1 1 1 1 1 1 yl 

9 9 9 / 

, ‘A* 

••/•.•A* 


1 <t 1 

, V 



« 

' ,*/• 

.• A*. *>^* 


IIMPUT=0 
00 20 1 = 1 , 6 

IBUF (I, 1) =*IBLANK 

20 FIXBUF (I) ^IBLANK 

21 CALL INCa (iC, IL, LFIX) 

I = I?AGE (IC, IL) 

IF(I.E2. IRIGHT) GO TO 40 
IF (I, Eg, NO) IINPUT = 8 

IF (I, Eg. N 1) IINPUT= 12 
ir(i,Eg.N2) irNPUi=i6 
IF (I, Eg.N 3) IINPUT=20 
DO 24 0*1,7 

24 IBUF (J, 1) =iBUF (J »• 1 , 1) 


PALO 7030 
PAL07040 
PAL070Sv) 
PALO 7060 
PAL07070 
PAL07080 
PAL07090 
PAL07 too 
PAL07 110 
PAL07120 
PAL07130 
PAL07140 
PALO 7150 
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FILE: PAL2G FOBIRAN A NSC TlilE SHARING SERVICES VH/SP RELEASE 2,0 


IdJF (d, 1) =I PAL07 160 

IF(.NOr. ( (1 , Ev. . OL . (I. , B) ,0k, (I . £v . ISLASH) ,OR , (I . EQ , lOR) PAL07170 



1 .oH, (I. Eg.lAND) .OR. (I. EO.ICOLON) ) ) GO TO 

2 1 

PAL07 180 


DO 30 1=1,4 


PAL07 190 

30 

FIX3UF (I) =FIXBUF ( i. »• 1) 


PALO 7200 


FiXBJF (5) =iPAG£ (IC, IL) 


PALO 7210 


GO TO 21 


PAL07220 

40 

I.iArCH = 0 


PAL07230 


DO tiO J= 1 , 1 4 


PAL07240 


Ln ATC;i= , TKU E , 


PAL072SC 


DO 50 1=1,5 


PAL072SO 

5 0 

LMArCH = L.1ArC:i .AND, ( F I X d U f (1 ) . E v , T A b L E ( 1 , 

0) ) 

PAL0727C 

b 0 

IF (L.IATCH) rftATCH=J 


PAL072B0 


IF (IMAICii, Ev.O) GO TO 100 


PAL07290 


IF(,NOT.LFiiiST) GO TO 85 


PALO 7 300 


LFIHSr=, FALSE, 


PAL07310 


DO 80 1=1,32 


PAL07320 


LFUSE5 (I , iPROD) =,TRUE. 


PALO 7 3 30 

uC 

IiiLOrt = IDLO^ ► 1 


PAL0734G 

8 5 

DO 90 1=1,4 


PALO 7350 


iF( (IMATCIl- 7) . LE, 0 ) GO TO 50 


PAL07360 


iSUM l = iiNPUTi-I 


PAL07370 


LFU5ES(ISUi11,lFH0D)=.FALS£. 


PAL07380 


IB LOW = IB LOW - i 


PAL0739C 


irt ATCU= in AICH-8 


PAL07400 

3C 

I1ATCd=IdATCrt »>IKA TCH 


PAL074 IC 


L3UF(l)=,rRaE, 


PAL07420 


Call PLOr(L3UF,IBUF,LFUS£S,IPROD,IirLE,.FAL5E,,ITYP 

“ r 

PAL074 30 


1 LPROd , IGP , IdLOW, IPCTK) 


PAL07440 

100 

LFIX=, FALSE. 


PAL074S0 


CALL INCft(IC,IL,LFiX) 


PAL07460 


B £ r U H N 


PAL07470 


END 


PAL074B0 




PAL07490 




SUB ROUT IN E £CHa(i?AL,LNOAI,IOT , IKOO , RES T , P A I N U T I f L £ , C 0.1 ?) 

THIS SUBROUTINK PRINTS THE PAL DESIGN SPECIFICATION INPUT FILE 
IMPLICIT INIEJEK (A-E) 

INTEGER iPAL (4) ,8 151(7 3) , PATNUH (bO) .TITLE (dO) , CO.IP (80) 

COnnON /PGE/ IPAG E (80, 200) 

COnilQN /LUNir/ PMS.PJF.PLF 
COrt.lON /FT ESI/ I FUNCr , IDESC , I END 
DATA idLANK/* '/ 

WPIT£(POF,S) IPAL,INOAl,IOT,lNOO,aEST,PATNUrt, riTLE.COrt? . 

5 FJi<rtAr(/,* • ,HA I , A 1 , A 1 , A 1 , 7 3 A I ,/, » •,80Al,/,» *,80Al,/,* *,bOAl) 

DO 20 iL=l,IEND 
IC=d 1 

10 ' IC=iC-l 

IF( IPAGE(iC, XL) ,E^, IdLANK. AND, IC.GT, 1 ) GO TO 10 
WHITS (POF, 1 S) (IPAGE (I, I L) , i= 1 , IC) 

15 . F0Ri1AT(* »,BOAl) 

20 CONTINUE 
RETUHN 
END 


PAL0751 U 
PAL07520 
PAL07530 
PALO 7540 
PAL07550 
? A LO 7 5bu 
PAL07570 
PAL07Se0 
PALO 7590 
PAL07600 
PALO 7bl 0 
PALO 7b20 
PAL07b30 
PAL07640 
PAL07650 
PAL07660 
PA L07b7 0 
PAL07680 
PAL07690 
PALO 7700 
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PAL Design 


FILE: PAL20 


NSC XIHE SHAKING SERVICES V»/S? RELEASE 2.0 


C PAL077i0 

c PALO 77 3 0 

SUBROUTINE CAT PAL07740 

C THIS SUBROUTINE PRINTS THE PALASM CATOLOG PAL077SU 

IrtPLICIT INTEGER (A-Z) PAL07760 

COHftON /LUNIT/ P«S,POF,PDF PAL07770 

WRITE (PHS, 10) PAL0778U 

10 FORMAr(/,» THIS PALASfl AIDS THE USER IN THE DESIGN AND*, PAL07790 

1 * PROGRAMMING OF THE*,/,* SERIES 20 PAL FAMILI, THE*, PAL07800 

2 • FOLLOWING OPTIONS ARE PROVIDED:*, PAL07810 

3 //,* ECHO (E) - PRINTS THE PAL DESIGN*, PAL07820 

4 » SPECIFICATION*, PAL07830 

5 //,* PINOUT (0) - PRINTS THE PINOUT OF THE PAL*, PAL07840 

6 //,* SIMULATE (T) - EXERCISES THE FUNCTION TABLE*, PAL078S0 

7 * VECTORS IN THE LOGIC*,/,* *, PAL07860 

B * EQUATIONS AND GENERATES TEST VECTORS*, PAL07870 

3 //,* PLOT (P) - PRINTS THE ENTIRE FUSE PLOT*) PAL07880 


WRITE (PMS, 20) PAL0789a 

20 FORrtAT(/,* BRIEF (B) - PRINTS ONLV THE USED PRODUCT LINES*, PAL07900 

* OF THE FUSE PLOT*,/,* PHANTOM*, PAL07910 

» FUSES ARE OMITTED* , PAL07920 


PAL07910 
PAL07920 

3 //,* HEX (H) - GENERATES HEX PROGRAMMING FORMAT*, PAL07930 

4 //,» SHORT (S) - GENERATES HEX PROGRAMMING FORMAT’, PAL07940 

5 //,* 3HLF (L) - GENERATES bHLF PROGRAMMING FORMAT*, PAL07950 

b //, * BNPf (N) - GENERATES BNPF PROGRAMMING FORMAT*, PAL07960 

7 //,* CATALOG (C) - PRINTS THE PALASM CATALOG*, PAL07970 

8 //,* QUIT (Q) - EXIT PALASM*, PAL07980 

9 //,* JEDEC (X) - JEOEC FORMAT FOR DATA I/O PROG RAMM £ R * P ALO 7 99 0 

A //,» FAULT (F) - FAULT TESTING •) PAL08000 

RETURN PAL08010 

END PAL08020 

C PAL0803U 

C PAL08050 

SUBROUTINE P I NOU T ( IP A L , I NOA I , lOT, INOO, TITLE) PALO 8 080 

C THIS SUBROUTINE PRINTS THE PINOUT OF THE PAL PAL03070 

IMPLICIT INTEGER (A-Z) PAL03060 

INTEGER I?AL(4) ,TITLE(80) .PIN (12,20) ,IIN (7,2) PAL08090 

COMMON /PGE/ IPAGE(80,2C0) PAL08100 

COMMON /LUNIT/ PMS,POF,PDF PAL08110 

DATA IBLANK/* */ , ISTA R/ * <' * / PAL03120 

DO 10 0= I, 20 PAL08 130 

DO b 1=1,12 PAL08140 

5 PIN* (I, J) =IBLANK PAL08 150 

10 CONTINUE PAL03160 

15 DO 25 J= 1 , 2 PAL08 170 

DO 20 1=1,7 PAL0818U 

20 Ilh (I, J) »1BLANK PAL08190 

25 CONTINUE PAL08200 

IIN (2, 1) =IPAL ( 1) PALOS 210 

IIN(4,l)=iPAL(2) PALO 3220 

IIN (6, 1) =I PAL (3) PAL 08 230 

IIN (1,2)=IPAL(4) PAL0824U 

IIN (3, 2) =INOAI PAL08250 
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E: PAL20 


FORTRAN A 


NSC IlrtE SHARING SERVICES VM/SP RELEASE 2.0 


IIN (5, 2 ) =xor 
IIN (7,2) =INOO 
J = U 
iL = 0 
30 IC=0 

IL^ILfl 
35 IC = ICM 

40 IF( IC.GT.oU ) JO TO 30 

IF( IPAGE (IC , IL) . £.V .laLANK ) GO TO 35 
J = J f 1 

ZF{J, GT. 20) GO TO GO 
DO 55 1= 1 , 12 

PIN (I, J) =IPAGE (IC , IL) 

IC=ICi- 1 

IF( IC.GT.5U ) GO DO 40 
IF( rPAGE(IC,IL) .Eg.iBLAKK ) GO TO 40 
55 CONTINUE 
bO DO 7 5 J = 1 , 10 
il = 0 

o5 ii=ir »■ \ 

If (II . E ^ . 1 3) GO TO 75 

IF( PIN (II , J) . NE , 1 bLANK ) GO TO b5 

i= I 3 

70 1 = 1-1 

II=Ii-l 

?IN(I,J)=PIN(II,J) 

PIN (II, J) =i3LANK 
IF(II.NE. I) GC TO 70 

75 CONTINUE 

WRITE (POF , 7o) TITLc 

76 FORMAT (/ , • • ,U0A 1) 

WRITE (POF, 7b) 1ST AH, I ST AK, I ST AR,iST Art, IS TAR, I STAR, I3T AH, ISTAR, 

1 ISTAR,I3TAh,ISTAR,ISTAH,I5rAR,ISTAH,ISrAR,ISTAH, 

2 iSrAR,I3rAB,ISTAR,I3TAa,ISTAh,ISTAR,rSTAi<,ISlAR, 

3 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, I ST AH, ISTAR, ISTAR 

7 6 FORMAT(/,» * , I 3 X , 1 4 A 1 , 3 X , 1 4 A 1 , 

] /,» * , IdX, A 1, I 3X ,A I, U ,A 1 , 1 3X, A») 

JJ=20 

DO 83 J= I , lo 

WHITE (POF, 80) ISTA a, ISTAR ,ISlAa, ISTAR, ISTAR, ISTAR, I STAR, ISTAR 
80 rOaMAT(» * , 1 5 X , 4A 1 , 29X , 4 A 1) 

WRITE (POF, u 1) (PIN (I , J) , 1 = 1 , » 2) , 1ST AR, J ,1S TAR, 

I (IIN (I , 1) ,1= 1 , 7) , 1ST Art , JJ, ISTAR , (PIN (I, JJ) , 1= 1 , 12) 

3 1 FOHftAT (* *, 12Al,3X,Al,i2,Al, 11X,7 a 1, nx,Al,I2,A!,3X,12Al) 

WRirE(POF,8 2) ISTAR, IS TAR, IS TAR, ISTAR, ISTAR, I STAR, IS TAR, IS TAR 
32 FORMATC » , 1 5 X , 4 A I , 2 5X , 4 A 1) 

*1 HITE (POF, 84) ISTAR, (IIN (I, 2), 1=1, 7) , ISTAR 
3 4 FORMAT ( • » , I 3 X , A I , 1 I X , 7 A 1 , 1 I X , A I ) 

DO 8b 11=1,2 

DO 35 1=1,7 

85 IIN (1,11) =IflLANK 

86 CONTINUE 
JJ = JJ- 1 

ah CONTINUE 

WRITE (POF, 90) ISTAR, ISTAR, I STAR, ISTAR, ISTAR, IS TAR, IS TAR , ISTAR, 


PAL0e260 
PAL03270 
PAL08290 
PAL03290 
PAL0830v; 
PAL08310 
PAL03320 
PAL0833C 
PAL03340 
PAL0335C 
PAL08360 
PAL08370 
PAL03380 
PAL08390 
PAL08400 
PAL0841 0 
PAL08420 
PAL0a4 30 
PAL08440 
PAL08450 
PAL0a4b0 
PAL08470 
PAL034d0 
PAL08490 
PAL08500 
PAL085 10 
PAL08520 
PAL0B53C 
PAL08540 
PAL08550 
PAL08Sb0 
PAL08570 
PAL08580 
PAL08590 
PAL08600 
PALOaO 10 
PA L0862O 
PAL08630 
PAL0Bb4o 
PAL086S0 
PAL08660 
PAL08670 
PAL08680 
pALoaeso 
PAL0870U 
PAL087 10 
PAL0a720 
PAL0a730 
PAL08 740 
P A LOB 75 0 
PAL08760 
PAL0B770 
PAL0d780 
PAL03790 
PALOSaOO 
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FILE: 

PAL20 FORTRAN A NSC TISE SHARING SERVICES Vfl/S? RELEASE 2,0 




1 I3rAa,ISTAE,ISTAa,ISTAR,ISTAR,ISTAH,TSTAR, I3TAR, 

PAL08B1D 



2 iSTAK, ISTAR,ISTAa,15TAR,rSTAR,ISTAR,ISTAR,I3TAR, 

PAL08820 



3 ISTAa, rSTAR, ISTAR,ISTAR,ISTAa ,1STAH ,ISTAa 

PALOdBlC 


'iO 

FORaAT{» * , 1dX,3lAl) 

PAL08840 



RETURN 

PAL03B50 



END 

PAL0d660 

c 



PAL08870 

C ^ ^ ^ ^ ^ ^ ^ ^ ^ 4c ^ :«c ^ 4c « 4c « « « 4c « « <c 4c «c <c « 4c 4c 4t <1 4c <1 <c ^ 4c 1$: ^ «c P A I, 0 d S 8 U 

C 



PAL08890 



SUBROUTINE PLOT ( L BU F , I BU F , L FU SES , I P RO D , T ITL E , L DOW P , IT VP £ , 

PAL0390U 



1 LPROD,IOP,IBLOW,IPCTHO) 

PAL08910 

C 


THIS THIS SUBROUTINE PRODUCES THE FUSE PLOT 

PAL08S20 



IMPLICIT INTEGER (A-'2) 

PAL08930 



INTEGER iBUF (8, 20) ,IOUT (6 4) , I SAVE (64 , 32) .TITLE (80) 

PAL08940 



LOGICAL L8UF(20) ,LFUS£S(32,64) ,LDUn?,iPROD(dO) 

PAL08950 



COnnON /LUNIT/ PMS.POF.PDF 

PAL08960 



DATA IS AV E/ 2 04 B«« » / • 1 A N C/ • <* • / • lOR/ • ► V t X SL AS H/ •/ V # 

PAL08970 



1 IDASH/*- Vf X/* X*/, IBLANK/* »/f P/ * P V» B/ * B» / , 

PAL0d980 



2 HirANT/»OV 

PAL03990 



IF (LOJMP) GO TO 60 

PAL09000 



IF (ISAVE (IPROO, 1) .NE.IBLANK) RETURN 

PAL09010 



IF( LBUF(l) ) GO TO 5 

PAL09020 



DO 30 3*1,31 

PAL09030 


30 

ISAVE (IPROB,J)*ISAVE(I?ROD,Jt-t) 

.PAL09040 



ISAVE (IPHOD, 32) *IS LASH 

PAL0905U 


5 

DO 20 1=1,8 

PAL09060 



IF( ISAVE (IPROB, 1) , NE.IBLANK ) RETURN 

PAL09070 



IF( IBUF (I, 1) .EQ.iBLAHK ) GO TO 20 

PAL0908U 



DO 10 J= 1, 31 

PAL09090 


10 

ISAVE (IPROO, J) * ISAVE (IPROD,JH) 

PALOS 100 



. ISAVE (IPHOD, 32) *IBUF (1, 1) 

PAL09110 


20 

CONTINUE 

PAL03 120 



IF (ISAVE (IPHOD, 1) .NE.IBLANX) HtTUBN 

PAL09 130 


40 

DO 50 J* 1 , 3 I 

PAL09 140 


SO 

ISAVE (IPROD.J) =IS AVE (IPHOD, Jl- 1) 

PAL09 150 



ISAVE (IPHOD, 32) *XAND 

PAL09 160 



RETURN 

PAL09170 

c 


PRINT FUSE PLOi 

PA109180 


b 0 

WRITE (POF,62) TITLE 

PAL09190 


62 

FORflAT (/, » • ,80A 1 ,//, 

PAL09200 



1 * n 1 n 1 11 n 2222 2222 2233* ,/, 

PAL09210 



2 » 0123 4567 890! 2345 6789 0123 4567 8901*,/) 

PAL09220 



DO 100 IBbPRO= 1 , 57,8 

PAL09230 



DO 94 IBPRO*1,8 

PAL09240 



IPROD = I88PROH8PRO- 1 

PAL09250 



ISAVE (IPHOD, 32) =I BLANK 

PAL09260 



DO 70 1*1,32 

PAL09270 



IF( ISAVE(IPROD, 1 ) .NE.IBLANK ) GO TO 70 

PAL09280 



DO 65 J=l, 31 

PAL0929U 



ISAVE (IPSOD, J) =ISAV£ (IPROD, Jl- 1 ) 

PAL09300 


65 

CONTINUE 

PAL09310 



ISAVE (IPROD, 32) = I BLANK 

PAL09320 


70 

CONTINUE 

PAL09330 



DO 30 1=1,32 

PAL09340 



I0UT(I)=K 

PAL09350 


24-64 



FILE: PAL20 FORTRAN A NSC TIME SHARING SERVICES Vfl/SP, RELEASE 2.0 


IF( L^ USES (I,I?ROD) ) lOUT (I) =I DAS H 
iOUT(1^32)=ISAVE(iP^tOD,I) 
dO CONTINUE 

IF (ITYPE, LE, 4) CALL F AN TO rt ( I T Y P E , 10 U T , I P 30 D , I BP HO) 
I?ROD=IPROD- 1 
DO as 0=1,32 

IF( lOP , E2 . ii, AN D , lOJT (J) . £'2 . HIF ANT ) I OU T ( 0 ) = I d L A N K 
db CONTINUE 

IF( (lOP , . Pj , OH , (1 JP . EO, fa . and , (LP30D (IPHOD M) ) ) ) 

1 W3ITE(POF,40) I?hOD,IOUT 

BO FOR.'lnTC ',12,0 (* '.UAl),' *,32A1) 

94 CONTINUE 

(POF, 9fa) 

96 . FOaf-Ar(lX) 

100 CONTINUE 

WR L TE (POF , 1 10) 

1 1 0 FOHflA r (/, 

1' LECENu: X : FUSE NOT BLOWN (L,N,0) - *. FUSE OLO'WN (ri,?,l) 

IF( IOP.E2.P.AND.ITYPE.LL.4 ) W3ITE(P0F,m) 

111 F0HI1AT{ 

1' U : PHANTOP. FU:>E (L,N,0) 0 : PHANTO;'! FUSE (h,P,l) 

WRITE (POF ,112) IbLOW 

112 FO.n:iAI(/,' NUMBER OF FUSES dLOWN = ',14) 

RETURN 

END 

C 


PAL03i60 
PAL09370 
PAL09380 
PALO 3 39 0 
PAL0940G 
PAL094 10 
PAL09420 
PALa9430 
PAL0944 J 
PAL0945 J 
PAL09460 
PAL09470 
P A L 0 9 4 B 0 
PAL09490 
PAL09500 
PALO 35 I 0 
PAL09520 
) P A L 0 9 5 3 0 
PAL0954U 
PAL03550 
) PAL035b0 
PAL09570 
P A L 0 9 5 6 0 
PAL03S90 
PAL09S00 
P A L 0 9 6 1 0 




c 

SUBROUTINE H EX (LFUSES , lOP) 

C THIS SUdhOUTINE GENERATES HEX PROGRAMMING FORMATS 

IMPLICIT INTEGER (A-Z) 

IhTEGEu Z TABLE { lo) , ITEMP (b4) , 2CSUM (4) 

LOGICAL LFU S£S (3 2 ,U4) 

INTEGER 30 H,5TX,ErX, BEL 
COMMON /LUNIT/ ?MS,POF,PDt 
DAiA H/' rl'/, S/* S • /, IBLANK/' '/, 

1 ZrA3LE/'0',»l','2','3','4»,»5*,»b',»7', 

2 'd','9','A','b','C*,'D',*£','F'/ 

DATA GObi /20 1000000/ , , SIX /Z02000000/ , 

► LTX/Z03C00QG0/ , BEL /Z070O0000/ 

CSUM=0 

IF (lOP, E.. . h) WRITE (PDF, 1C) 

10 FORMAT (//,' .*,//) 

NOTE: SOME PROM PROGRAMMERS NEED A START CHARACTER. 

jjjXS program OUTPUTS AN SIX FOR THE DATA I/O MODEL 9 
(USE SOH FOR MODEL 3) 

WRITE(PDF,5) BEL,OEL,BEL,dEL,BEL,BEL,3EL,STX,SOH 
5 FORMAT (' ' , 9A 1) 

DO 40 1= 1 , 3 3 , 3 2 
INC = I- I 

DO 40 IPROD= 1 , 7 , 2 
DO 20 J= 1 , 2 

DO 20 IINPUT= 1 , 32 
Iti£X = 0 

ISUM2=IPa0D »“ J-1 ^ INC 


PAL09630 
PAL0964 U 
PAL096S0 
PAL0966a 
PAL09670 
PAL0968O 
PAL09690 
PAL09700 
P A L 0 3 7 1 J 
PAL09720 
PAL0973U 
PAL09 740 
PALO i 750 
PAL097fa0 
PAL09770 
PAL0378U 
PAL09790 
PAL0980C 
PAL09810 
PAL09d20 
PAL09830 
PAL09a40 
PALOSbSO 
PAL098b0 
PALO 3 870 
PAL09880 
PAL09890 
PAL09900 
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PAL Design 


FILS: PAL20 


FORTRAN A 


NSC TIME SHARING SERVICES Vfl/SP RELEASE 2,0 



IF (LFUSES (IiNPUT,ISUri2 »• 0 )) IHEX^IHEXH 

PAL09910 


IF (LFUSES (IINPUT,ISU!12 *• 3 )) IHEX = IHEXf2 

PAL09920 


IF (LFUSES (IINP0T,ISU«2 ► lb )) IriEX^IHSXM 

PAL09930 


IF (LFUSES (IiNPUT,ISU?l2 ► 24 )) iHEX=IH£Xi>8 

PAL09940 


CSUJ1*C5UnfIHEX 

PAL09950 


I3UflX*IINPUI^ (3 2« (J- 1) ) 

PAL09960 

20 

ITEKP (ISUMX) =ZTA&LE(IH£X«'I) 

PAL09970 


IF(IOP.EQ,H) WRITE (PDF, 30) ITEttP 

PAL09980 

30 

FORHATC •.32(AI,* •),•.*,/,• •,32(A»,* •),*.•) 

PAL09990 

40 

rF(IOP.Eg,S) WRITE (PDF, 50) ITEM? 

PAL10000 

50 

FORMAT (* » ,64 Al) 

PALlOOlO 


IF (lOP.Ew, H) WHITE (PDF, 70) 

PAL 10020 

70 

FORflAK* *,//,• .»»//) 

PAL 10030 


WHITE (PDF, 80) ETX 

1 ?ALl0b40 

BO 

FORMAT (• 

PAL10050 


CONVERT DECIMAL CHECK SUM INTO HEX CHECK SUM 

PAL 10060 


DO B5 i=i,4 

PAL10070 


2TEM? = CSU.i- IfaV' (CSUrt/16) 

PAL 10080 


ZCSUrt (5-1) »ZTAbLE (ZTEMPi- 1) . 

PAL10090 


csun=csu«/i6 

PAL10100 

35 

CONTINUE 

PAL10110 


IF(2CSUM(l).EQ,ZTABLE(i)) ZCSUM (1) =I BLANK 

PAL 10120 


WHITE (PMS, 9 0) ZCSUM ( 1) , ZCSUM (2) , ZCSUM (3) , ZCSUM (4) 

PAL 10130 

90 

FOaMAT(/» HEX CHECK SUM = •,4Al) 

PAL10140 


RETURN 

PAL10150 


END 

PAL10160 
PAL 10 170 

♦PALI 0 180 
PALI0190 


SUBROUTINE TWEEK (ITXPE, lOT, LFUSES) 

PAL 10200 


THIS SUBROUTINE TWEEKS LFUSES (THE PROGRAMMING FUSE PLOT) 

PAL10210 


FOR HIGH AND LOW PHANTOM FUSES 

PAH0220 


IMPLICIT INTEGER (A-Z) 

PAL 10230 


LOGICAL LFUSES(32,64) 

PAL10240 


DATA L/»LV#C/«CV 

PAL102S0 


IF (ITTPE.GE, 4) GO TO 20 

PAL 10260 


DO 10 IPROD=l,64 

PAL10270 


LFUSES ( 15, I PROD) =. TRUE. 

PAL10280 


LFUSES (16, I PROD) = , TRUE, 

PAL10290 


LFUSES (19, I PROD) -.TRUE, 

PAL10300 


LFUSES (2 0, IPROD) TRUE, 

PAL10310 


IF(ITXP£.G£,3) GO TO 10 

PAL 10320 


LFUSES(I l,IPROD)=.TRUE. 

PAL10330 


LFUSES (12, IPROD) a, TRUE, 

PAL10340 


LFUSES (2 3, IPROD)*. TRUE. 

PAL10350 


LFUSES (2 4 , IPROD) *. TRUE. 

PAL10360 


IF(ITYPE,GE.2) GO TO 10 

PAL10370 


LFUSES( 7, IPROD) *. TRUE, 

PAL10380 


LFUS£S( 8, IPROD) *, TRUE. 

PAL10390 


LFUSES (2 7, IPROD)*, TRUE. 

PAL10400 


LFUSES (2 8, IPROD)*, TRUE, 

PAL10410 

10 

CONTINUE 

PAL10420 


DO 18 IINPUr*7,28 

PAi.10430 


DO 12 IPROD*l,57,8 

PAL1044C 


LFUSES (IINPUT, IPRODi-U) *, FALSE, 

PAL 10450 


FILE: PAL20 FORTRAM A HSC TIME SHARING SERVICES Vtt/SP RELEASE 2,0 


L FUSES (II NPUT, I PROOFS ) a, false. 

L FUSES (I IN PUT, I PROD >6) = , FALSE, 

12 LFUSES(IINPUT,IPR0D»>7) = .FAL3E. 

IF (1X1 PE .GE, 3) GO TO 10 
DO 14 IPR0D=17,41,B 

LFUS£S(IIhPUT,I?ROOf2)*,FALSE. 

14 LFUSES(IINPUT,IPfiOD»'3)=.rALSE. 

IF (IT YPE .GE. 2) GO TO 1 o 
DO 16 IPu0D=1,57,o 

LFUSES(IlNPJX,iPRaO»-2)=,FALSL, 

16 L F USES (II NPUT,IPRODi'3)=, FALSE,. 

18 CONTINUE 

20 IF( (ITYPE.Ei.l) .OR. ( (IT YPE . EO , 4) . AND , (lOT , EO • L) ) ) RETURN 

DO B*) I1NPUT=1,32 
DO 30 I?ROD=l,d 

LFUSES (IINPUT, IPROD*- 0) = (lOT.NE.L) 

30' IF(IOf,NE.C) LFUSES(IINPUT,IPR0DI-S6)= (lOT.NE.L) 

ir(ITYP£.LE,2) GO TO 99 
DO 40 IPROJ=l,B 

LFUSES(II^PUX,IPROD^ B)= (lOT.NE.L) 

40 IF(IOr,N£.C) LFUSES (I IN PUT , I PROD ► 48) * (lOT.NE.L) 

IF (xTii PE.LE. 3) GO TO 99 
DO SO I?ROD=l,d 

LFUSE5(IINPUT,IPR0DH6)=' (lOT.NE.L) 

SO IF(I0T,NE.C) LFUSES (IIN PUT, IP RODf40)= (lOI.NE.L) 

99 CONTINUE 

RETURN 
END 
C 


PAL 10460 
PAL10470 
PAL10480 
PAL 10490 
PAL 10500 
PAL 10510 
PAL10520 
PAL 10530 
PAL 10540 
PAL10550 
PAL 1 0560 
PAL 10570 
PAL10580 
PAL 10590 
PAL 10600 
PAL 10610 
PAL10620 
PAL 10630 
PAL 1C640 
PAL 10650 
PAL10660 
PAL 10670 
PAL10680 
PAL 10690 
PAL 10700 
PAL10710 
PAL 1 0720 
PAL 1 0730 
PAL 10740 




C 


C 


10 


IS 


SUdHOUTINE dINR (LFUSES, H, L) 

THIS SUBROUTINE GENERATES BINARY P ROGR A rt ?1 1 NG FORMATS 
IMPLICIT INTEGER (A-2) 

INTEGER irEflP(4,8) 

LOGICAL LFUSES(32,64) 

COMMON /LUNir/ PMS,POF,PDF 
WRITE (PDF, 10) 

FORMAT (//, * 

DO 20 r=*l,33,32 
INC^I- 1 

DO 20 i PROD= 1 , 8 

DO 20 0*1,25,8 
DO 15 K=l,8 
IINPUT=*J>K- 1 
ITEMP (1,K)*L 
ITEMP (2 ,K) =L 
ITEMP (J,K) 


ITEMP(4,K)*L 
ISUM 3*IPaOD»'INC 

IF (LFUSES (IINPUT, ISUrt3 I- 0 )) 
IF (LFUSES (IINPUT, ISUM3 ► 8 )) 

IF (LFU3ES(IlNPUT,iSUM3 »• 16 )) 

IF (LFUSES (IINPUT, 15UM3 i- 24 ) ) 
CONTINUE 


ITEM? (4 ,K) 
ITEMP (3, K) 
ITEMP (2,K) *.l 
ITEMP (1 , K) =d 


//) 


PAL 1 0760 
PAL 10 770 
PAL 10780 
PAL 10 790 
PAL 10800 
PAL10810 
PAL 10820 
PAL 10830 
PAL 10840 
PAL 10850 
PAL 10860 
PAL 1 0870 
PAL10680 
PAL 10890 
PAL 10900 
PAL1091O 
PAL 10920 
PAL 10930 
PAL10940 
PAL 10950 
PAL 10960 
PAL 10970 
PAL10980 
PAL 10990 
PAL 11000 
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FILE: PAL20 FORTRAN A NSC TlflE SHARING SERVICES VH/SP RELEASE 2,0 


20 WRITE (PDF, 30) ITEflP 

30 FORHATC • , 8 (• B* , ‘‘A 1 , • F •)) 

WRITE (PDF, 10) 

RETURN 
END 
C 

C 

SUBROUTINE SLIP (L FU SES , l88PaO , INOAI , lOT , INOO, IBLOW) 

C THIS SUBROUTINE WILL BLOW THE ENTIRE CONDITIONAL THREE-STATE 

C PRODUCT LINE WHEN •IF(VCC)» CONDITION IS USED FOR THE 

C CORRESPONDING OUTPUT PIN 

IrtPLICIT INTEGER (A-2) 

LOGICAL LFUSES (32,64) 

DATA R/* R*/f I 1/* 1 V»l2/» 2 Vf I4/»4«/»i8/»6V»IB/»3V 

IF( (INOAI, HE, 16) ,OR, (INOO, EQ, II) ,OH. (INOO, EQ, 12) ,08, 

\ ( (IOT,EO,K) .AND. (INOO,Eg,I8) ) ,OR, 

2 ( (I83PaO,GE. 9) .AND, (i8BPRO,L£.49) , AND, (INOO,£Q,I6) ) ,OR, 

3 ( (I88PRO,G£, 17) , AND. (l88PaO.LE,41) ,AND, (INOO.EO.IU)) ) RETU8 
DO iO 1=1, 32 

IBLOW = IBLOW »■ 1 

10 LFUSES (I, rSBPRO) = .TRUE. 

I88PHO = leaPRO »• I 
RETURN 
END 
C 

c 

SUBROUTINE FANTOH (I T if P E , lOUT , I P HOD , I 8P RO) 

C THIS SUBROUTINE UPDATES lOUT (THE PRINTED FUSE PLOT) 

C FOR HIGH AND LOW PHANTOK FUSES 

IMPLICIT INTEGER (A-Z) 

INTEGER lOOT (64) 

DATA X/» X*/t IUASH/*-»/t LOFANT/*OV» HIFAHT/»0V 
DO 10 1= I, 32 

IF( lOUT (I) , Eg.IDASH ) lOUT (I) = HIFA NT 
IF( IOUT(I).£g,X ) IOUT(I)=LOFANT 

10 CONTINUE 

IF ( (ITFPE, Eg,4) .AND. ( (IPROD, L E , 24) .OR, (I PROD , G E . 4 1) ) ) RETURN 
IF ( (IT! PE. EQ. 3) , AND. ( (IPROD. LE, lb) .OR. ( I PROD . G E , 4 S) ) ) RETURN 
IF ( (ITYPE, EQ,2) .AND. ( (IPROD.LE. 8) .OR, ( I PROD , G E . S 3) ) ) RETURN 
IF ( (ITYPE. LE. 3) .AND, (1 8PRO .G E . 5) ) RETURN 

IF ( (ITYPE,LE.2) . AND, (IPROD. GE . 19) . AND. ( I PROD , L E . 4 8) .AND, 

1 (IBPRO,GE,3)) RETURN 

IF ( (ITYPE, EQ, 1) .AND. (I8PRO.GE,3)) RETURN 
DO 50 1=1,32 

IF (((I.£Q. 15) .OH, (I.EQ. 16) .OR. (1.EQ.19) .OR. (I,EQ.20)) .AND. 

1 (ITFPE, LE, 3) ) GO TO 50 

IF (( (I. EQ. 11) .OR. (I. EQ. 12) .OH. (I. £0.2 3) .OR. (I. EQ. 24)) .AND. 

1 (ITYPE.LE,2)) GO TO 50 

IF(((I.EQ. 7).0R.(I,EQ. 8) .oh. (I. EQ. 27) .or. (I. EQ. 28)) .and. 

I (ITIPE.LE, 1)) GO TO 50 

IF( lOUT(I) .EQ.HIFANT ) lOU T (I) * ID ASH 
IF( lOUT (1) .EQ. lOFAKT ) IOOT(I)=X 
50 CONTINUE 


PAL11010 
PALI 1020 
PALI 1030 
PAL 11040 
PALI 1050 
PAL 11060 

♦ PAL 11070 
PAL11080 
PAL1 1090 
PAL 1 1 100 
PALiniO 
PALI 1 120 
PALIlliO 
PALI 1 140 
PAL 1 1 150 
PALI 1 160 
PAL 1 1170 
PALI 1 180 

NPAL1 1 190 
PALI 1200 
PAL 1 1210 
PAL11220 
PALI 1230 
PAL 11240 
PAL11250 
PAL11260 

♦ PAL 1 1270 
PALI 1280 
PAL11290 
PAL11300 
PAL11310 
PAL 11320 
PAL11330 
PAL 1 1340 
PAL11350 
PALI 1360 
PALI 1370 
PALI 1380 
PALI 1390 
PALI 1400 
PALI 1410 
PALI 1420 
PALI 1430 
PAL11440 
PALI 1450 
PALI 1460 
PAL11470 
PAL 1 1480 
PAL11490 
PAL11500 
PAL11510 
PALn520 
PALI 1530 
PALI 1540 
PAL I 1550 
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FILE: PAL20 FORTRAN A NSC TIRE SHARING SERVICES VM/SP RELEASE 2.0 


RETURN 

END 


PAL 1 1560 
PAL 11570 
PALI 1580 




c 

SUdROUTINE IODC2 

THIS ROUTINE IS OPTIONAL, IT fl A F BE USED TO TURN PERIPHERALS ON 
IMPLICIT INTEGER (A-Z) 

INTEGER BEL , DC2 , ESC , FF, NUL 

COMMON /LUNIT/ PflS,POF,PDF 

DATA BEL /Z07000000/ , 0C2 /Z22000000/ 

WRITE (PDF, 10) OC2 ,BEL 
10 FORMAT (* * , 2A1) 

RETURN 

END 

C 


PALI 1600 
PALIUtO 
PAL 1 1620 
PALI 1630 
PALI 1640 
PAL 11650 
PALI 1660 
PALI 1670 
PAL 1 1680 
PAL 11690 
PAL 1 1700 
PAL 11710 




SUBROUTINE IODC4 

this routine IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS 
IMPLICIT INTEGER (A-Z) 

INTEGER BEL,0C3,DC4 
COMMON /LUNil/ PMS,POF,PCF 

DATA BEL/Z 0 7 000000/, DC J/Z 2 3 00 0 000/ , DC4/Z 2 40 00000/ 

WRITE (PDF, 10) bEL,DC3,0C4 
10 FORMAT(» ' ,3A1) 

RETURN 

END 

C 


PALI 1730 
PAL 11740 
OFF PAL11750 
PALI 1 760 
PAL 1 1 770 
PAL 11780 
PAL 1 1790 
PAL 1 1800 
PAL 11810 
PALI 1820 
PAL 11830 
PAL 1 1840 




C 


C 

C 


c 


SUBKOUriNE TEST(LPHAS£,LBUf,TITLE,IC,IL,ILE,ISYM,iBUF,ITYP£, 

1 INOO, LFIX , IPCTa,LERa,ISAF,IPCTR l,L5A1l,L3A01) 

THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION 
AND GENERATES TEST VECTORS 
IMPLICIT INTEGER (A-Z) 

INTEGER IS YM (8 , 20) , ISlfM 1 (8 ,20) , loUF (B, 2 0) , rVECT (20) , I VEC TP (20) , 

I iSTATE (2 0) ,1 SI ATI (20) , I PIN (20) .TITLE (BO) ,IPCTR 

LOGICAL LaLANK,LL£FT,LAND, (.0 R , L SL ASH , LLg U AL , L RI GHT , LXOH , LXNOR, 

1 LFlX,LSAIlE,XoaFND,LERH,LPaASE(2 0),L?HA51(20),LBUF(20), 

2 LOUT (2 0) ,LGUTP (20) , LCLOCK , LPTRST , LCTHST , LENABL (20) ,NHEG, 

3 L5 A M , LSA 12 , LSAO 1 
INTEGER BEL 

COMMON LBLANK , LL EFT, LAND, LOR , LSL ASH , LE 2UAL , LS IGHT, LXOR , LXNOR 
COMMON /PGE/ IPAG£(80,200) 

COMMON /LUNIT/ PMS,POF,PDF 
COMMON /FTEST/ I FUNCT , I DESC , I £N D 

DATA IDA5il/*-Vr L/*6V» H/* X*/.C/«C»/,Z/* Z*/, N0/» 0V» 

1 NI/*1V.EHR/»?»/,IBLANK/* •/• comen r/* ; Vi I4/*4»/»IB/»6»/f 

2 I8/'3V 

DATA 6EL/Z07000000/ 

PRINT AN ERROR MESSAGE IF NO FUNCTION TABLE IS SUPPLIED 
IF (IFUNCf , NE.O) GO TO j 
WRITE (PMS , 2) 

2 FORMAT(/,* FUNCTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM*, 


PAL 1 1860 
PAL 1 1870 
PAL I 1880 
PAL 1 1890 
PAL 1 1900 
PALI 1910 
PAL11920 
PAL 11930 
PALI 1940 
PAL 11950 
PAL 1 I960 
PAL 1 1970 
PAL 1 1980 
PAL 11990 
PAL 12000 
PAL12010 
PAL12020 
PAL 12030 
PAL 1 2040 
PAL 12050 
PAL 12060 
PAL 12070 
PAL 1 2080 
PAL 12090 
PAL 12100 
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1 • SIMULATION*) 

PAL 12110 



RETURN 

PAL12120 

C 


PRINT TITLE 

PAL 12130 


3 

IF((,N0T.LSA11) .AND, (.NOT.LSAOl)) WaiT£(POF,4) TITLE 

PAL12140 


4 

FOaflAT(/,* '.BOAl,/) 

PAL12150 

c 


INITIALIZE LEHR (FUNCTION TABLE ERROR FLAG) TO NO ERROR 

PAL 12 IbU 



LERR*. FALSE, 

PAL12170 

c 


INITIALIZE NEBa (NUMBER OF FUNCTION TABLE ERRORS) TO NO 

ERRORS PAL12180 



N£HR*0 

PAL 12190 

c 


INITIALIZE ITBST (THREE-STATE ENABLE FUNCTION TABLE PIN 

NUMBER) PAL12200 



ITRST*0 

, PAL 12210 

c 


SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUMN 0 

PAL 12220 

C 


AND IFUNCT 1 

PAL 12230 



IC*0 

PAL12240 



IL=«IFUhCT »> 1 

PAL12250 

c 


INITIALIZE 5A1/SA0 PARAMETERS 

PAL12260 



1PCTR3«0 

PAL 1227U 



lEQN^O 

PAL I226U 



IPCTR-0 

PAL 12290 

c 



PAL I230U 

c 


MAKE A DUMMF CALL TO INCR 

PAL12310 



CALL INCR (IC,IL,LFIX) 

PAL12320 

c 


GET THE FUNCTION TABLE PIN LIST (UP TO IB) 

PAL12330 

c 


GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE 

PAL 12340 



DO 10 I- 1, 19 

PAL12350 



CALL GETSIM (LPHAS 1 , ISIM 1 , I , IC , XL, LFIX) 

PAL 12 J60 



-DO S J=1,8 

PAL 1237U 


5 

iauF(j, 1) «isxrti (J,x) 

PAL 12380 



IF(iBUr(B, 1) .E^.ILASH) GO TO 12 

PAL 12390 



CALL MATCH (lflATCH,IBUF, ISYM) 

PAL 12400 



IF(IMATCH.NE,0) GO TO 7 

PAL 12410 



WRltE(PMS,6) (IBUF(J, 1) ,J*1,8) 

PAL 12420 


6 

FORrtAT(/,» FUNCTION TABLE PIN LIST ERROR AT*, 8A1) 

PAL12430 



RETURN 

PAL 12440 


7 

lOUT(i)*. FALSE, 

PAL12450 



ISlATT(r)=X 

PAL12460 



IV£CTP(I)*X 

PAL 12470 

c 


IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK AND TH R EE-S X AT EPAL 1 24 8 0 

c 


ENABLE PIN IN FUNCTION TABLE PIN LIST 

PAL 12490 



IF (ITYPE.NE.b) GO TO 10 

PAL1250Q 



IF (IMATCH.EQ, 1) ICLOCK = l 

PAL 125 10 



IF(IMATCH. EQ. 1 1) iraST=*I 

PAL12520 


10 

IPIN (I) »IMATCH 

PAL12530 

c 


ALL SIGNAL NAMES FOR THE FUNCTIONAL TEST HAVE BEEN HEAD 

IN PAL 1 2540 

c 


ADJUST COUNT 

PAL 12550 


12 

IMAX*I- 1 

PAL 12560 



NVECT*0 

PAL12570 

c 



PAL12560 

C*««»«START OF MAIN LOOP FOR SI MU L ATION 

PAL12590 

C 



PALl2bOO 

C 



PALt2610 

c 


INITIALLY THERE ARE NO FAULTS, IPCTH2 IS THE POINTER FOR 

PAL 12620 

c 


TOTAL NUMBER OF PRODUCT TERMS, lEQN IS EQUATION COUNT. 

PAL 1263,0 

c 


I?CTa3 IS THE PRODUCT TERM POINTER IN A PARTICULAR EQN. 

PALneoo 


90 

IPCTR2«0 

PAL12650 
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IEON-0 


PALUGbO 



IPCTa3-0 


PAL1267U 



LSA 12a, FALSE, 


PAL12680 



LSA02«, FALSE, 


PAL12690 

c 




PALI2700 



NVECTaNVECTf 1 


PAL 127 ID 



IC la J 


PAL12720 



IL lalLE 


PAL 1 2730 

c 


GO PASSED COrtHENT LINES 


PAL 1 2 74 J 


23 

IF(I?AGE(1,IL) .ME.COflENT) GO TO 24 


PAL12750 



IL*IL*-1 


PAL12760 



GO TO 23 


PAL12770 


24 

CONTINUE 


PAL12780 

C 


GETS VECTORS FROM FUNCTION TABLE 


PAL 12790 



DO 20 ral,ifiAX 


PAL 12B0D 



IF(IPAGE(IC,IL) .EO.IBLANK) GO TO 21 


PAL 12B10 



GO TO 22 


PAL12B20 


21 

iCalCJ- 1 


PAL 1 2830 



IF (IPAGE (IC, IL) , Eg.IBLANK) GO TO 21 


PAL12640 


22 

rVECT(I) »IPAuE(XC,IL) 


PAL12850 



ICaIC> 1 


PAL128bo 


20 

CONTINUE 


PAL12870 

c 


ADVANCE LIKE COUNI TO SKIP FUNCTION TABLE COflrtENTS 


PAL 1 2880 



ILalL^ 1 


PAL12d90 



ICa 1 


PAL 1 2900 



IF(IVECT(l) .Eg.IDASH) GO TO 35 


PAL 129 10 

c 


CHECK FOR VALID FUNCTION TABLE VALUES (L,a,X,2,C) 


PAL12920 



DO 11 lal.IMAX 


PAL12930 



IF( IVECr(I) .Eg.L.OR.IVECT (I) .Sg,H.OR,tVECT(i) . 

EQ.x.oa, 

PAL 12940 



1 I VECX (1) . Eg. Z.OR.IVECT (I) . EO.C) GOTO 11 


PAL12950 



WaiTK (PrtS,3) I VECX (I) , NVECt 


PAL12980 


8 

FORHAT(/,» '.Al,* li NOT AN ALLOWED FUNCTION TABLE EKTRV*, 

PAL12970 



1 • IN VECTOR SIS) 


PAL 12980 



RETURN 


PAL12990 


1 1 

CONTINUE 


PALI 3000 

c 


INITIALIZE CLOCK AND THREE-STATE ENABLE FLAGS 


PAL 13010 



LClOCKa, FALSE, 


PAL13020 



LCTRSTa.TttUE, 


PALI 3030 



LPTftSTa.TRUE, 


PAL13040 



DO 13 Ia|,lHAX 


PAL13050 


n 

LENABL (I) a, true. 


PAL 13060 

c 


INITIALIZE NHEG (NOT aSGlSiSRED OUTPUT) TO FALSE 


PAL13070 



NREGa, FALSE, 


PAL 13080 

c 


INITIALIZE I5TATE ARRAY 10 ALL X‘S 


PALI309O 



DO lb la|,20 


PAL 13 100 


15 

ISTATE (I) aX 


PALUIIO 

c 


CHECK IF THIS PAL TYPE HAS REGISTERS 


PAL1312U 



IF (ITYPE, NE.b) GO TO 25 


PAL13130 

c 


CHECK CLOCK AND THREE-STATE ENABLE PINS AND CHANGE 

FLAG IF NEEDED 

PAL I 3 140 



IF(rV£CT (ICLOCK) .Eg.C) LCLOCX^.THUE, 


PAL1J150 



IF (ITRST.EQ.O) GO TO 25 


PALU160 



LSAnEa( ( LPHASE ( 11) ) .AND. ( LPHAS 1 (ITRST) ) 

.OR, 

PALliWO 



1 (.HOT, LPHASE (1 1)) .AND, (.NOT, LPHAS 1 (ITRST) ) 

) 

PAL 13 180 



ir( IVECT (ITRST) .LQ.L.ANO, (.NOT.LSAME) ,OR, 


PAL13190 



1 lyECT(irRST) .EC.H.AND, ( LSA.1E) ) LPTR3 Xa , FA L S £ , 

PAL 1 3200 
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IF(LPrflST) GO TO 2S 

C DISABLE REGISTERED OUTPUTS IF APPROPRIATE 

DO 46 I*I,I«AX 
J*IPIK (I) 

IF (J. Eg, 14. OR. J. EQ. IS, OR. J. Eg. 16. OR. J. Eg, I 7) LENA 81(1) -.FALSE 
IF( INOO. EQ. 16. AND, (J, Eg. 13. OR. J.EO, 18) ) LEN AB L (I) - , F ALSE 

1F( INOO, EQ.IB.AND. (J.Eg, 12.0a,J.Eg. 13 
I .oa.j.sQ. la.oR.j.Eg. 19) ) lenabl(I)-. false 

46 CONTINUE 

c \ 

THROUGH THE LOGIC EQ JAXIONS^'i'^^* 

C 

C MAKE A DUfifiV CALL TO INC8 

25 CALL INCR(ICl,ILl.LFiX) 

26 CALL GETSYH(LBUF,iaUf, 1,IC1,IL1,LFIX) 

IF(LLEFT) GO TO 29 

27 IF(.NOr,L£QUAL) GO TO 26 
C 

IF (LSgUAL) lEgN-IEQNf 1 
C 

C EVALUATE CONDITIONAL IHREE-STATE PRODUCT LINE 

29 IF (LEQUAL) GO TO 35 ' 

NREG-.TRUE. 

33 CALL G£TSYB(LBUF,IBUF, 1,XCl,ILlrLFIX) 

CALL MATCH (IINP,IBUF, ISYMl) 

C CHECK FOR GND, VCC, /GND, OR /VCC IN CONDITIONAL THREE-STATE 

C PRODUCT LINE 

IF(IINP,NE,0) GO TO 32 
CALL MATCH (IMAICH.XBUF, ISXM) 

ILL-ILI 

IF( IINP.Eg.O.AND.IMATCa.NE, IO,AND,IMATCH.NE,20 ) GO TO 100 
IF( IMATCH .Eg, 10, AND, (LBUF (1) ) .OR. 

1 IMATCa ,£Q. 20, AND, (, NOT, LBOF (I) ) ) LCTRST- , FALSE . 

GO TO J4 

32 ITEST-IVECT (IINP) 

IF( ITEST.Eg.L.AHD, ( LPri AS 1 (II HP) ) . AND , ( LBUF(I)) 

I.Oa. ITEST.EO.ri.AND. ( L PH AS 1 (I I N P) ) , A N D . ( , NOT . LBUF ( 1) ) 

2,0ft. ITEST.EO.H.AND. (.NOT.LPHASi (IINP)) , AND. ( LBUF(I)) 

3. OR, IIEST.Eg.L.AND. (.NOT.LPHASi (IlNP)) .AND, ( , NOT , LBU F ( 1 ) ) 

4 ) LCTRST-. FALSE. 

IF(IT£ST.£Q,X,OR,ITESI,Eg.Z) LCTEST- . FALSE, 

34 IF(LAND) GO TO 33 
GO TO 27 

C . 

C EVALUATE THE LOGIC EgUATION 

C 

C FIND THE PIN NUMBER OF THE OUTPUT VECTORS 

C 

35 rPCTR3=0 
C 

CALL MATCH (IOUTP,IBUF, ISYM1) 

C FLAG UNREGISTERED OUTPUTS 

CALL MATCH (IOUT,IBUF,ISYM) 

IF (ITYPE, LE, 5) NHEG-.THUE, 

IF( (INOO,£Q.r4,OR,INOO.EQ.l6) .AND, (lOUT.Eg. 1 2 . OR . lOU T . EQ . 19) ) 


PAL13210 
PAL13220 
PAL13230 
PALli240 
. PAL13250 
• PAL13260 
PAL13270 
, PAL13280 
PAL13290 
PAL13300 
PAL13310 
PAL13320 
PAL 1 3330 
PAL13340 
PAL13350 
PALI 3360 
PAL13370 
PAL13380 
PAL 1 3390 
PAL134C0 
PAL13410 
PAL13420 
PAL13430 
PAL1344G 
PAL13450 
PAL 13460 
PAL 13470 
PAL I 3480 
PAL13490 
PAL13500 
PALI 35 10 
PAL13520 
PAL13530 
PAL 1 3540 
PAL13550 
PAL13560 
; PAL 13570 
PAL13580 
PAL13590 
PAL13600 
PAL136tG 
PAL 13620 
PAL 13630 
PAL 13640 
PAL13650 
PAL13660 
PAL13670 
PAL13680 
PAL13690 
PAL 13700 
PAL13710 
PAL13720 
PAL13730 
PAL13740 
PAL13750 
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I NP.EG= .TRUE, 

IF ( (INOO, Eg .14) . AND. (lOUT.Eg, I3.0R.I0U1 .EQ. IB) ) NREG=,TRUE. 
ILL = ILI 

IF (lOUTP. Eg. 0) GO TO 100 
IF(NR£G) LEN A3L (lOUTP) ^LCTRSf 
LOUT(IOOTP) =.TRU£. 

IF( .NOT.LCTRSr ) LOU T ( lOU T P) = . F A LS E . 

LCTKST^. I’RUE . 

LOUTP (lOUTP) =LaUF (I) 

DETEHrtINE PRODUCT i’ERrt AKO EVENTUALLY SUM FOR OUTPUT KEEPING 
TRACK ro SEE IF AN XOR (EXCLUSIVE OR) HaS BEEN FOUND 
XORSUM^H 
XORFND=. FALSE, 

ISUM^L 

28 IPCTR2=1PCTK2H 
IPCTR 3 = IPCTR3^ \ 

IPCTR = IPCTRM 
IPROD=h 
30 ILL*iLl 

CALL GETS i ft (LBUr, I3UF, 1 , IC 1 , I L 1 , L F I X) 

IF( .NOT.LFIX ) GO TO 39 

EVALUATE THE FIXED SYMBOLS FOUND IN THE PALlbX4 AND PALIoA4 
LFIX=, FALSE. 

CALL Fixisr (LPUAS 1 , LDUF, IC 1 , IL 1 ,1SY11, IS YM 1 , IBUF, 

1 IVECT, IVECTP, ITESr, LCLOCK, NREG, LFIX) 

IF (iPttOD, Eg, tl) IPROD=ITEST 
GO TO 33 

39 CALL MATCH (IINP,IbUF,ISYnl) 

IF (IINP.NE.O) GO TO 47 
CALL MATCH (IftATCrt , i3U F , iSYM) 

IF (Ift AlCrt. N E . 10 . AND, Ift ATCH, N E , 20) GO TO 100 
TWEEK FOR GND AND VCC IN PRODUCT LINE 
IF(IftAfCH.Eg. IS) ITESf=L 
IFCIftATCti, Eg,20) ITESr = a 
IINP=19 

LPHAS 1(19) =.TRU£. 

GO TO 37 

47 ir£ST=IVECT (IINP) . 

GST REGISrERED FEED BACK VALUES 

IF(NR£G) GO TO 37 

CALL ftATC'ri (IIFB,IfaUF,ISYtt) 

IF( (iN00.E^,I4.0R.rN00.£g.l6,0H,iN00. Eg. 18) .AND, 

1 (IIFb. Eg. 14, OR, IIFB. Eg. 15. OR. IIFB. Eg, lb, 08. IIFB.EQ, 17) ) 

2 I'l £SI = IV£CTP (IINP) 

IF( (I NOO. Eg, I b. OH. I NOO, Eg. 18) .AND. (IIFB.EQ. 13, Oft. IIFB.EQ, IB) ) 
1 ITEST^IVECTP (IINP) 

iF( INOO, EQ , 18 , A ND, (II FB, EQ , 12 ,Oa. IIFB, Eg. 19) ) 

1 ITEST»I VECTP (IINP) 

37 IF( ITEST.Eg, X .Oa.ITEST.EQ.Z ) IT£ST=L 

IF( ITEST.EQ.L.AND, ( LPH AS 1 (IIN P) ) , A ND , ( LSUF(1)) 

l.OR, ITEST.Eg.a. AND. ( L Ptl AS 1 (II NP) ) . AND, ( . NOT , LB U F ( 1 ) ) 

2. OR. ITEST.LQ.H.AND. (.NOT. LPHAS I (IIN P) ) . AND, ( LbUF(l)) 

3, OH, ITESr. EQ, L. AND, ( . NOT , LPH AS I (II NP) ) . AND, ( , NOT , LBUF ( I) ) 


PALI 3760 
PALI3770 
PAL13780 
PAL13790 
PAL 13800 
PAL13810 
PAL 13820 
PAL13830 
PAL 13B40 
PAL 13850 
PaL 1 3860 
PALl3d7G 
PALI 3880 
PAL 13890 
PALI3900 
PAL13910 
PAL 1 3920 
P A L 1 3 9 3 0 
PAL 1 3 940 
PALI 3950 
PAL 13960 
PAL 1 3970 
PAL 13980 
PAL 13990 
PAL 14000 
PAL14010 
PAL 14020 
PAL 14030 
PAL14040 
PAH4050 
PAL 14060 
PAL 14070 
PAL 14080 
PAL 14090 
PAL 14 100 
PAL 14 1 10 
PAL 14 120 
PAL 14 130 
PAL 14 14U 
PAL 14 ISO 
PAL 14 160 
PAL14 170 
PAL 14 180 
PAL l4 190 
PAL14200 
PAL14210 
PAL14220 
PAL 14230 
PAL 14240 
PAL 14250 
PAL 14260 
PAL 14270 
PAL I42B0 
PAL14290 
PAL14300 
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C 

C 

C 

C 

C 

C 

c 


c 


G 


C 

C 


C 

e 


4 ) IRROD^L 

CHECK FOR A PARTICULAR PRODUCT TERR AND GO FOR SA 1 TEST 
IF((1PCTR2.£0.IPCTR1) ,AND,(LSAl1))GO TO 110 

30 IF(LRlGHr) CALL 1 NCR (XC 1 ^ It 1 ^ LFIX) 

IF (LAND) GO TO 30 

CHECK FOR A PARtlCULAB PRODUCT TEKA AND GO FOR SAG TEST 
IF ( (IPCTR2.EW* IPCTR 1) , AND* (LS AOl) ) GO TO i20 

121 IF (ISUA*£O.L.AND.i?ROD,SQ.X) lSUh*X 

IF( (laUrt.NE.H) ,AND,IPROD.£Q*a ) iSUrtaR 

CHECK FOR XOR (EXCLUSIVE OR) AND SAVE INTERHEDIATE VALUE 
IF(,NOr,LXOR) GO TO 31 
xoRSUrt*»r3un 
XORFHO’s.TRUE , 

IS0M*L 
GO TO 23 

31 IF (LOR) GO TO 26 
IPCTH3»0 


PALHilO 
PAL14320 
PAL14330 
Pal 14340 
PAL143S(^ 
PAL 14 iLO 
PAL14370 
PAL 14380 
PAL 143^^0 
PAL14400 
PAL14410 
PAL 1442U 
PALt4430 
PAL14440 
PAL144S0 
PAL1446U 
PAL 14470 
PAL144ao 
PAL 14490 
PAL14S00 
PAL 14510 


IF END OF EWUATION HAS bEEN FOUND^ DETERHINE FINAL SUH AND SAVE XtPAL14520 



IF (,KOr*XORFKD) ISTAlT (lOUTP) •ISUrt 

IF ( (XORFND) .AND. ( (ISUH » EG • L « AND * XO RSUH , EQ . L) 

I (ISUH.EO.H, AND.XORSUH.EQ.H) ) ) ISTATT (lOUT?) 

ir( (XORFND) .AND* ( (ISUH . LG • H • AND . XORSUH . Eg . L) .OR. 

1 (iSUn.EG.i* AND.XOHSUH.EQ.H)) ) ISTATT (IOUTP) 

IF( (XORFND) . AND. (ISUH . EQ . X . OR . XORSUM.EU.X) ) 1ST ATT (lOU TP) -X 
REGISTER does NOT CHANGE STATE IF NO CLOCK PULSE IS REdEIVBD 
IF( (LCLOCK) .OR. (NREG) ) GO £0 3b 

LSAKE * ( ( LOUTP (loot?) ) .AND. ( LPH AS I (lOUTP) ) * OR i 

1 (.NOT.LOUTP(roUTP)) .AND. (.NOT.LPHASl (lOUtP) ) ) 

XF( IVECTP (lOUTP) *Ev.L*AND. ( LSAME) ) I3TATT (lOUTP) -L 

IF( IVECT? (lOUrP) iEQ.H. AND. ( LSAHE) ) ISTATT ( lOUTP) «H 

IF( IVECT? (lOUTP) .EO.L.AND. (.NOT.LSaHE) ) ISTaTT ( loUTP) 

IF( IVECTP (IOUTP) .E^i.'il. and. (.NOT.LSArtE) ) ISTATT (lOUTP) 

36 NREG*. FALSE. 

CHECK IF ALL EgUAlIONd HAVE BEEN PROCESSED BY COHPaPING CURRENT 
LIKE NUK 8 ER WITH FUNCTION TABLE LINE NUHBER 
IF (IDESC.NE.O, AND. IL1.lt 4 IFUNCT.AND*! LI .LT.ID ESC. OR. 

! IOESC.EQ.O.AHD.ILI.LT.IFUMCT) GO TO 2l * 

DETERMINE OUTPUT LOGIC VALUES 
COMPARE OUTPUTS TO SEE IF VECtOR AGREES WITH RESULTS 
DO 50 I«1,1MAX 
iF( .NOT.LOUT(I) ) GO TO 50 

IF( IsrATT(I) .EO.X.AMD.XVECT(I) .EO.X ) GO TO 50 
LSAME » ( ( LOUTP (I) ) .AND* ( LPH A S I (I) ) 4 OR . 

I (.NOT.LOUTP (L)) .AND* (.NOT 4 LPHASI (I)) ) 

lflESS*40 

IF(I3TATT(I) .EW.L.AND*IVECT(I) *£(^*L.AND. ( . NOT . ISAME) ) lMBSS**4t 
IF (ISTATT(I) .Eg. H*AND.IV£CT (I) *£Q*H.AN0* {. NOT . LSAME) ) tM£SS^4 2 
IF(ISTATT(I) .Eg.L.ANO.XVECT(I) .Eg.H.AND. ( LSAME)) IHESS«42 

IF(ISTATT(X) .£g*H.ANO.rV£CT(I) .Eg.t.AND. ( LSAME)) IMESS*4I 

£F( ( LENABL (I)) .AND.IV£CT(I) .£0.2 ) XM£SS«»43 

IF( (.NOT. LENA BL (1) ) .AND. (LOUT (I)) . AND . I V ECT (I) . M E * 2) IHESS^44 


PAL14S30 
PAL14540 
PAL 14550 
PAL 14560 
PALl45lfO 
PAL14580 
PAL 14590 
PAL14600 
PKL14610 
PAil462G 
PAL14630 
PAL14640 
PAL14650 
PAL14660 
PAL14670 
PA114680 
PAL14690 
PAL 14700 
PAL14710 
PKL 14720 
PAL 14730 
PALi4740 
PAL14750 
PAL14?60 
PAL14770 
PAL14780 
PAL14790 
PAL 14800 
PAL 14810 
PAL 14820 
PAL 14830 
?ALi4840 
PAt14850 
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C 

C 

C 


C 


c 

c 


IF (IMESS. N£. 40) L ER , I RU L , 

IF NO FAOLI GO FOh NEXT VECTOR ELSE GET OUT OF SIHULAflON AND 
START Sr^ULAflON FOR THE NEXT PRODUCT TEHtt, 

IF ( (. NOT. LERR) , AND . ( (LSA 1 J) (LSAO 1) ) ) GO TO SO 

I F ( (LERH) . AND. ( (L5A 11) , OR. (L3AU I) ) ) GO TO 115 

IF (THE 5S. £0, 4 1) W R I T E ( P flS , 4 I ) N V ECT , (I S Yf! 1 ( J , 1) , J = 1 , 8) 

41 FORHAT(/,» FUNCTION ThBLE ERROR IN VECTOR*, 13.* PIN =*,8Al, 

1 * EXPECT = H ACTUAL = L* ) 

IF(I«ES3.E'2,4 2) WRITE (PflS,42) N V EC T , (IS Yill (J , I) , J = 1 , fa) 

42 FORl1AT(/,» FUNCTION TABLE ERROR IN VECTOR*, I3,* PIN =*,8A1, 

1 * EXPECT = L actual = H*) 

lF(IflESS,Eg.4 3) WRITE (P MS, 4 3) NVECT, (IS Yfl 1 (J , I) , J = 1 , 8) 

43 FOaftAT(/,* FUNCTION TABLE ERROR IN /ECTOR*, 13,* PIN =*,8Al, 

I /,* EXPECT OUTPUT ENABLE ACTUAL = 2») 

IF(inESS.E^.44) WRirE(PMS,44) N¥ECT,(ISYHl(J,i),J^1,8),iyECT(I) 

44 F0R?1AT(/,* FUNCTION TABLE ERROR IN /ECTOR*, 13,* PIN =*,oAl, 

1 ' EXPECT = E ACTUAL * *,aI) 

IF( (IflESS. NE.40) .AND, (PHS.Ei^.b) ) W HIT E (PHS , 4 5 ) BEL 

45 FORflAT{* *,A1) 

IF(iHESS,NE.40) IV EC I (I) =£Ra 
IF(IrtES5,NE.40) NERR^NEKR*-! 

50 CONTINUE 

CHANGE THE ORDER OF VECTORS FROn THE ORDER OF APPEARANCE IN THE 
FUNCTION TABLE TO THAT OF THE PIN LIST AND IWEEK FOR OUTPUT 
DO 65 1=1,20 

DO 55 J= I , I^lAX 

IF (IPIN (J) , HE .1) GO TO S5 

IF( IVECT (J) .Eg.L.oa.IVECX (J) ,£Q.H ) GO TO SI 
ISTATE (I) =IV£CT (J) 

GO TO 65 

51 LSArt£=( ( LPHASE (1) ) .AND, ( LP H AS 1 ( J ) ) , OR , 

1 (.NOT. LPHASE (I)) .AND. (.KOT.LPHASI (J)) ) 

IF( INOO, Eg , N 1 . AND . (I . EQ, 1 S.OR.I , Eg. lb) ) , LOUT (J) =. THU E , 

IF( (. NOT. LOUT (J)) .AND, ( LSA.1E),AND. 

1 IVECT (J) .Eg.L ) ISTATE(I)=NQ 

IF( (.NOT, LOUT (J)) .AND. ( LSA.nE) .AND, 

1 IVECT (J) .£0. H ) ISTAT£(I)=NI 

IF ( (.NOT. LOUT (J)) .AND. (.NOT.LSAHE) .AND, 

1 iVECT (J) ,Ev,L ) ISXATE(I)=N1 

IF ( (, NOT . LOUT (J) ) . AND. ( . NOT.LSA.IE) . AND. 

1 I VECT (J) . Eg. H ), ISTATE(r)=No 

IF ( ( LOUT (J|) , AND, ( LSA11E),AND. 

1 IVECT (J) .Eg.L.AND. ( LENAbL(J)) ) IsrATE(I)=L 

IF( ( LOUT (J) ) .AND. ( LSAf1E),AND. 

1 IVECT (J) .Eg. H. AND, ( LENAfaL(J)) ) I3TArE(I)=H 

IF ( ( Lour (J)) .AND. (.NOT.LSAHE) .AMD, 

1 IVECT (J) .Eg.L.AND, ( LENADL(J)) ) ISTATE(I)^H 

IF ( ( LOUT (J)) .AND. ( , N OT , L S A HE) . A N D. 

1 I VECT (J) .Eg.H, AND, ( LENABL(J)) ) ISTATE(I)=L 

IF( IVECT (J) , Eg, ERR ) 1ST ATE ( I) »E HR 

GO TO 65 
55 CONTINUE 

SAVE PRESENT VECTORS FOR FEED BACK USED WITH NEXT SET OF VECTORS 


PAL 14860 
PAL 1467 J 
PAL 14880 
PAL 14890 
PAL 14900 
PAL 14910 
PAL 14920 
PAL 14930 
PAL 14940 
PAL 14950 
PAL 149bu 
PAL 14 970 
PAL 14980 
PAL 14990 
PAL 15000 
PAL15010 
PAL 15020 
PAL15030 
PAL 15040 
PAL 1505U 
PAL 15060 
PAL15070 
PAL15080 
PAL 13090 
PAL IS 100 
PAL 15 1 lu 
PALIS 120 
PAL IS 1 JO 
PAL 15 140 
PAL 15 150 
PAL 15 ifaO 
PAL IS 170 
pALisiao 
PAL 15190 
PAL 15200 
PAL1S210 
PAL15220 
PAL 15230 
PAL 15 240 
PAL 1525Q 
PAL 15260 
PAL 15270 
PAL 15280 
PAL 1S290 
PAL 15300 
PAL 15310 
PAL 15320 
PAL 15330 
PAL 15340 
PAL 15350 
PAL 153u0 
PAL15370 
PAL 15 360 
PAL15390 
PAL 1540J 
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C 

C 


C 


C 

c 


c 


c 


c 

c 

c 


c 

c 

c 

c 


c 

c 

c 

c 


IF CLOCK PULSE AND NOT 2 (hI-2 IS ASYNCHRONOUS) 

65 IF( (LCLOCK) .AND. IVECT (J) ,N£.2 ) I V ECT P ( J) = I V ECT ( J) 

ASSIGN X TO GROUND PIN AND I TO VCC PIN 
ISTATE (10) 

ISTATE (20) =N 1 
PRINT TEST VECTORS 

IF ( (. NOr.LS A 1 1) , AND. (, NOT.LSAO I) ) WRITE (POF, 60) 

1 NVEcr, (isrArE(r) ,i=i,20) 

60 FORHAT(* * ,13, * • , 2UA1) 

GO TO 90 

TER;iINAr£ SinULATION 

9 5 IF ( (.NOT.LERH) .AND. (LSA It)) WHITE(POF, ISO) 1PCTR4,IE0NI 
ISO FOKMAT(» *,» PRODUCT: ',13,* OF » , * EQU AT 10 N , » , 1 3 , * 

I UNTESTED (SA I) FAULT*) 

IF ( (.NOT. LERR) . AND, (LSAD 1) ) W R IT £ ( PO F , I 5 5) IPCTR^ ,IEQN1 
155 FORnAT(* *,» PRODUCT: ',13,* OF ’ , * E gU A T 10 N . * , I 3 , * 

1 UNTES TED (SAG) FAU LT *) 

IF ( (, NOT .LERR) .AND. ( ( , NOT, L3A 11 ) . A N D . ( , NO i . LS A 0 1 ) ) ) W R I T E ( PO F, 6 7) 

67 FORttAT(/,* PASS S I rtU L AT 10 N * ) 

IPCTR^IPCTR/ (N 7 ECT - \) 

IF(( LERR) .AND. ((.NOT.LSA I I) , AND, (.NOT.LSAO 1) )) 

IWRITE (POF,bb) NERR 

68 FOH«AT(/,* NU.'tdLK OF FUNCTION TABLE ERRORS =*,I3) 

RETURN 

.PRINT AN ERROR ^TESSAGE FCR AN UNDEFINED PIN NA!l£ 

100 ILERR = iLlH4 

WRITE (Pf15, 101) (IbUF (i, 1) ,1= 1 ,8) , ILERR, ( IPAG E ( I , I LL) , 1= I , 80) 

101 FOR«Ar(/,» ERROR SYrtUOL = *,bAI,* IN LINE NUi'IBER *,Ii, 

1 /,* »,8UAl,/,» THIS PIN KAHE IS NOT DEFINED IN THE*, 

2 » FUNCTION TABLE PIN LIST*) 
return 

THE PRODUCT TERU IS PULLED HIGH AND THE PRODUCT NUHSEH 
AND EON NJfiBER IS RE.1£i1BER£D 
MO I?ROD = H 

LSAl2=.TaUE, 

I£QNl=I£^N 
IPCTa4=IPCTR3 
GO TO 38 


THE PRODUCT TERi^ IS TESTED FOR SAG FAULT AND ALSO HEMEKBERED 
120 IPROD=L 

L3A02=,TRUE. 

IEQNI^IEvN 
IPCTR4=IPCTR3 
GO TO 121 


IF NO FAULT THEN NEXT PRODUCT XERH 
1 15 ISkF^LShf ^ 1 


PAL 154 10 
PAL 1S420 
PAL 1S430 
PAL15440 
PAL 15450 
PAL 15460 
PAL 1 54 7C 
PAL 15480 
PAL 1:>490 
PAL 15500 
PAL15510 
PAL 15S2U 
PAL 15530 
PAL I SS4u 
PAL1555C 
PAL15560 
PAL 15570 
PAL 15580 
PAL 15590 
PAL 15600 
PAL 1561 J 
PAL Is620 
PAL 15630 
PAL 15640 
PAL 15650 
PAL 15660 
PAL 15670 
PAL 15680 
PAL 15690 
PAL 15700 
PAL 15710 
PAL15720 
PAL 15730 
PAL 15740 
PAL 15750 
PAL 15760 
PAL 15770 
PAL 15780 
PAL 15790 
PAL15800 
PAL1S81U 
PA^L 15820 
PAL 15830 
PAL15840 
PAL15850 
PAL 15860 
PAL 15870 
PAL15880 
PAL15890 
PAL15900 
PAL15910 
PAL1S920 
PAL15930 
PAL 15940 
PAL15950 


PILE: PAL20 


FORTRAN A 


NSC TIftE SHARING SERVICES VH/SP RELEASE 2,0 


Ll . PALS E . 
RETURN 


PAL IS960 
PAL 15970 
PAL 1 S9HO 
PAL 15990 
PALI 6000 




c 

subroutine PIXrST(LPHASl,LBUr,ICl,ILl,ISyrt,ISy4ll,lBUF, 

I ^ VECI, IVEC TP, IT £Sr , LCLOCK , NRtG , LFiX) 

C THIS SUBROUTINE EVALUATES THE FIXED SYrtSOLS FOUND IN THE 

C PALIoaM and P.AL1oA4 FOR THE FUNCTION TABLE 

I, IP LICIT INTEGER (A-Z) 

IN r EG c,K IS Yn (6,20) , IS r rt 1 (6,20) , IbUF (b, 2 0) ,IV£CX (2 0) , IVECT? (2 0) 
LOGICAL LJLANX, LLEFT, LAND, LUH , LSLASH,LE,)UAL,LaiGHi’, LXOR, LXNOR, 

1 LFIX,L?HAS1(2U),LBUF(2U), LCLOCK, Nh£G,T0R,rX0a,TXN0R,TAMD, 

2 L ? H A S A , L ? ri A S S 

cor. .UN LOLA NK , L LEFT, LAND, LOR, LS LASH, LEi2UAL,LRIGHT, LXOR, LXNOR 
CO.irON /POE/ IPAGE (60, 20C) 

DATA L/' L' / » 6/ • h • / » X/* X ' / » ii/* 2*/ 

C G E I 0 U r P U I ? I N A N ( « ^i E R E N = 0 , 1 , 2 , 3 ) 

CALu ^E:-,Yn(LBUF,IBUF, 1,IC1,IL1,LFIX) 

CALL HArCri(IINP,IBUF,ISi:rit) 


PAL 16020 
PAL 1603 J 
PAL I 6090 
PAL 16050 
PAL 16060 
PAL 1607 ^ 
PAL 16080 
PAL 16090 
PAL16 100 
PAL16110 
PAL 16 120 
PAL16130 
PAL 16 14U 
PAL 16 150 
PAL 16 160 
PAL 16 170 


ITESTA = iVECr (IlNP) 

LPHASA = ( ( L JU F U) ) . and , ( LP rt A S 1 ( 1 1 N P ) ) . 0 R . 

1 ( . NOT , LB J F ( 1) ) . AND , ( , NOT . LPHA51 (IIKP) ) ) 

C GET R E G I S T E R E D F E E u BACK V A L U E S 

i F ( N H E G ) GO TO 5 
CALL .lATCd (IIFJ,IBUF,ISYr;) 

IF( HFB.LT. lU.Or. .IIFd.Ev. U.OR.IIFB.EU, lb,Ort.IIF3,E0.17 
1 IIESTA = I/£CrP (lirt?) 

5 IF( (.NOf.LPHAGA).hNJ.ITESrA.£^.L ) GO TO 10 
IF( (. NOT . LPH AS A) . AN J . I TEST A . H ) GO TO 15 
GO '1 3 2 0 

10 irEsrA=H 
GO TO 20 
15 ITESTA=L 

20 1F( .NQT.LRIGHI ) GO TO 2S 
iTESr=I TESTA 
H E T U N 

C SAVE TuE FIXED OPi^HATORS 


PALIS 1 tJ u 
PAL 16 190 
PAL 16200 
?ALlo210 
PAL 16220 
PAL 1o230 
PAL16240 
PAL16250 
?AL162bO 
PAL 16 270 
PAL 16280 
PAL lb29U 
PAL1630U 
PAL 16310 
PAL 16320 
PAL lo330 
PAL 16340 
PAL 16350 


25 TOR = (LOR . and . ( . NOi . LXOH) ) 
rXuR = (LXOR) 

TXNOR = (LX NOR) 

TAND = (LAND. AND. (.NOT. LX NOR)) 

C GST INPUT BH (^HERE N=0,1,2,3) 

CALL GETSYrt(LBUF,IBUF, 1 ,IC 1,IL 1,LFIX) 

CALL M AT C H ( 1 1 N P , 1 L'U F , X S Y F. 1 ) 

ITEST3=IVECT (IINP) 

LPHASB = ( ( LBUF ( I) ) , AND, ( LPH A S I ( II N P) ) , 0 R , 

1 ( . NOT , LdUF ( 1) ) . A KD . (. NOT. LPHAS1 (IINP) ) ) 

IF( (.NOT, LPHASB) .AND. ITESTB. £0*L ) GO TO 30 

IF( (.NOT.LPHASd) .ANO.lTESTB.ET.ii ) 00 TO 35 

GO TO 40 
3U ITCSTB=H 
GO TO ^0 


P A L 1 6 3 b 0 
PAL 1637C 
PAL 16380 
PAL 16390 
PAL I&40G 
PAL 16<4 10 
PAL 16420 
PAL 16430 
PAH6440 
PAL 16450 
PAL 16460 
PAL16470 
PAL 16480 
PAL 16490 
PAL 16500 
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35 

1TESTB=L 


PAL16510 


EVALUATE THE FIXED 5'fJlBOL EXPRESSION 


PAL1B520 

40 

ITEST*L 


PAL I6S30 


in 

(TOK) .AND, (ITESIA.E^.H.OH, ITESIB.Eg.H) ) 

IT£ST=H 

PAL 16540 


IF( 

(XXOa) .AND. ( (XTESTA.Ev'.H.AHD.irESTa.NE.H) .OR. 


PAL 16550 

1 

(ITESTA.NE.a.AND, IT£STB,EQ,H) ) ) 

IT£ST»H 

PAL166bO 


1F( 

(TXNOS) , AND, ( (ITESTA.E^.IXESTB) ,OR. 


PAL16570 


\ 

UIESTA. EO.X .OR, ITESTB, EQ.X) ) ) 

ITE3T=H 

PAL16560 


IF( 

(XANU) .AMD, (ITESTA, NE.L. AND.ITBSTB. NE.L) ) 

ITEST=H 

PAL 15590 


IF( 

(IT£SrA,Eg,X,OK,lTESXA.E 0 ,E) .AND. (I7EST3, EQ , X) ) 

if £sr=x 

PAL 16600 


RSXURK 


PAL166I0 


END 



PAL 16620 
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Listing 2. Pfl^LAiSIVI Source Code for 24 Series 


FILE: PALi^U FORTRAN 

A KSq 

SHARING SERVICES V«/SP RELEASE 2.0 


C»i!^PALASft2<4<«'>PALA3rt2‘f<‘<'PALAS«24<»«FALA 

Stt24 4«<tii^L^5:i24<‘’«'PAlASrt2^ <‘<'?ALASW24«PAL0001U 

C 



PAL00020 

C p A 1 A S ^ - 

raANSlArtS ^VtlBOLIC b;qUATION3 into pal object 

PALOOOJO 

C 

CODE FOHrtATT 

EL FUR DIRECT INPUT TO STANDARD 

PAL0004C 

C 

PHOr. PHOviRArtrtERS, 

PALOOOSO 

C 



PAL0006G 

c 

INPOI; 

PAL DESIGN SPECIFICATION ASSIGNED 

PAL0007v 

c 


TQ H?D(i). OPERATION CODES ARB 

PAL00080 

c 


ASoXGNEU TO HO? (S) • 

PAL00090 

c 



PALOO 100 

c 

OUTrUT: 

ECHO, SinULATIUN, AND FUSE PATTERN 

PALOO t 1C 

c 


AttE ASSIGNED TO PaF(6), HEX AND 

PALOO 120 

c 


lilNAR'^ PttOGRA.'IHIKG FORMATS ARE 

PALOO HO 

c 


ASSIGNED TO PDFlS). PROMPTS AND 

PALOO KO 

c 


EHKOa messages ARE ASSIGNED TO 

PALOO 1^0 

c 


ftis (o) . 

PALOOI60 

c 



PALOO 170 

c 

P A K i iN U M B E ti ; 

THEPAL PART NUMBER MUSI APPEAR 

PALOO 160 

c 


IN COLUMN ONE OF LINE ONE, 

PALOO l')0 

c 



PAL002CC 

c 

PIN LX3T: 

24 S^tiaOLIC PIN NAMES MUST APPEAR 

PAL0021 0 

c 


STARTING OH LINE FIVE, 

PAL00220 

c 



PAL00230 

c 

Ev'UATION^: 

sihhtxng first line after the 

PAL00240 

c 


PIN LIST IN THE FOLLQRING FORMS; 

PAL0025Q 

c 



PAL002bU 

c 


A r ► D 

p AL00270 

c 



PAL002BO 

c 


A := H«C 1- D 

PALUQ2U0 

c 



PALC030C 

c 


IF ( A«a ) C * D E 

PAL00310 

c 



PAL00320 

c 


ALL CHARACTCaJ FOLLOWING *;* ARE 

PAL003J0 

c 


IGNORED UNTIL THE NEXT LINE. 

PAL00340 

c 



PAL003SO 

c 


BLANKS ARE IGMOHED. 

PAL00360 

c 



PALOO 370 

c 

qPER ATOHi; 

( IN iilEKARCaX OF EVALUATION ) 

PALOO 380 

c 



PAL003UC 

c 


; Comment follows 

PAL00400 

c 


/ COMPLEMENT 

PAL004 10 

c 


AND (PRODUCT) 

PAL00420 

c 


► OR (SUM) 

PAL00430 

c 


XOR (EXCLUSIVE OR) 

PALQ0440 

c 


( ) CONDITIONAL THREE-STATE 

PAL00a:>0 

Q 


- EgUnLITY 

PAL00460 

c 


;= REPLACED BY (AFTER CLOCK) 

PAL0047D 

c 



PALOO40O 

c 

FUNCriCN 

L. H, X, 2, AND C ARE VALID 

PA1004SO 

c 

f ABLE; 

FUNCTION TABLE VECTOR ENTRIES. 

PALOOSOO 

c? 



PALOOS 10 

c 

reference: 

A COMPLETE USERS GUIDE TO 

PAL0OS20 

c 


DESIGNING WITH PALS USING PALASM 

PAL00530 

c 


IS PROVIDED IN THE MONOLITHIC 

PALOOSLD 

c 


MEMORIES PAL HANDBOOK. 

PALOQ8SO 
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FILE: PAL24 


C 
C 
C 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

c 

C ’ 

c 


FOaXH AN 


NSC ri«E SHARING SEfiVICESVrt/SP HELEASE 2,0 


SUBHOUTINES : I NIT L2 , G E TSY M , I NCH , ATCH , I X L ATE , 
ECHO, CAT, PINOUT, PLOT, HEX, TWEE K, 
BINH.SLIP , FAHTOfl ,IODC2 ,IODC4 , TES 
PLOTF.SUMCHK 

REV LEVEL: 02/12/62 (VAX/VKS VERSION) 

10/13/62 FAULT TESTING 
10/15/62 JEDEC FORMAT 
BENGALI 

AUTHORS: JOHN BIRKNER AND VINCENT COLI 

MONOLITHIC MEMORIES INC, 
llb‘6 EAST ARGUES AVENUE 
SUNNYVALE, CALIFORNIA 64043 
(400) 73S-3535 

FINE PRINT: MONOLITHIC MEMORIES TAKES NO 

SESPONSIdlLITY FOR THE OPERATION 
OR MAINTENANCE OF THIS PROGRAM, 
THE SOURCE CODE AS PRINTED HERE 
PRODUCED THE OBJECT CODE OF THE 
EXAMPLES IN THE APPLICATIONS 
SECTION ON A VAX/VMS 11/760 
COMPUTER AND A NATIONAL CSS IBM 
3YSTEM/j7'0 FORTRAN IV (G) . 






MAIN PROGRAM 
IMPLICIT INTEGER (A-Z) 

INTEGER I PAL (3) , I NAME (5) .REST (72) , PATNUM (80) , TITLE (80) ,COMP (80) 
1 ISYrt(6,24),IBUF(8,24) ,J?BOD(60) 

LOGICAL LBLANK, LLEFT, LAND,LOH , LS L ASH , L£ J U At , L R IGHT , LX OR , LFI HST , 


LflATCH,L FUSES (4 0,80) ,L PHASE (24) ,LBUF(24) ,LPROD(60) , 
2 LS AME, LACT, LOPERB, LINP, LERR, LSA 1 1, LSAO 1 

INTEGER BEL 

COMMON LBLANK , L L £ FT , L A N C , LO R , LSL AS H , LEQ U A L , LR 1 GHT , LXOR 
COMMON /PGE/ IPAGE (80, 200) 

COMMON /LFUSES/LFUSES 
COMMON /FTEST/ I FUNCT , I DESC , 1 END 
COMMON /LUNIT/ PMS,POF,PDF 


DATA 

E/» E»/#0/*0 

V 

,X/' T*/ 

• P/* 

PV 

1 

l/Vl»/,n/*n 

V 

.C/'C'/ 

.0/* 

cv 

DATA 

BB/* a»/,CC/ 

•C 

V. DO/* 

DV, 

EE/ 

1 

0U/*0»/»PP/ 

• p 

V.RH/' 


ss/ 

DATA 

bEL/Z07000000/ 




ASSIGNMENT OF DATA SET REFERENCES 


PALOOSbO 
PAL00570 
PAL00560 
PAL00590 
PAL00600 
PALOOblu 
PAL00620 
.PAL00630 
PAL00640 
PAL0065C 
PALOObbO 
PAL0Qb70 
PALOObdO 
PAL00690 
PAL00700 
PAL00710 
PAL00720 
PAL00730 
PAL00740 
PAL00750 
PAL007b0 
PAL00770 
PAL00780 
PAL00790 
PAL00800 
PAL008 10 
PAL00820 
«='e'^PAl00630 
PAL00640 
PAL00850 
♦^♦PAL0086D 
PAL00870 
PAL00860 
PALOObSO 
PAL00900 
PAL00910 
PAL00920 
PAL00930 
PA100940 
PAL00950 
PAL009b0 
PAL00970 
PAL00980 
PAL0099a 
PAL01000 
PALO 1010 
PAL01020 
PAL01030 
PAL01040 
PAL010S0 
PALOlObO 
PAL01070 
PALO 1080 
PAL01090 
PALO 1 100 
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FILE: 

PAL2'-4 FORTRAN A NSC IlrtE ShARING SERVICES Vfl/SP RELEASE 

2.0 

C 


HPD - PAL DESIGN SP £CI F IC A TIO N (INPJT) 

PALOl 1 10 

C 


ROC - OPERATION CODE (INPUT) 

PALO 1 12C 

c 


POP - ECrlO, PINOUT, TEST, AND PLOT (OUTPUT) 

PALO 11 30 

c 


PDF - HEX AND BINARY FORttAT PROGRAn TAPES (OUTPUT) 

PALO 1 140 

c 


P.1J - PRJilPrS AND ERROR MESSAGES (OUTPUT) 

PALO 1 150 



WRITE (8, 3) 

PALOl 160 


3 

FaRrtAT(/,' PALASM VERSION 1.5 * ) 

PALU 1 170 



WRITE (fa, 1) 

PALO 1 180 


1 

FORMAl(/,» WHAT I u THE LOGICAL UMX NU.IJER FOR OUTPUT(fa)?; *) 

PALO 1 190 



HSAD(5,2) LUN 

PAL01200 


2 

FORMAT (14) 

PAL01210 



H?D= 1 

PAL01220 



R0C = 5 

PALO 1 23u 



PUF = fa 

PALO 1 240 



PDF = 6 

PALO 1 250 



PftS=lJ 

PALO 1 260 



IFUNCT=0 

PAL0127U 



iDESC=U 

PALOl 280 

c 


INITIALIZE LSA;1E AND LACl TO FALSE (ACTIVE HIGH/LOW ERROR) 

?AL0129a 



LSAttE=, FALSE, 

PALO 1 300 



LACT=, FALSE. 

PALO 1310 

c 


INITIALIZE LOPERR TJ FALSE (OUTPUT PIN ERROR) 

PALOl 320 



LOPERa=. FALSE, 

PAL01330 

c 


READ IN FIRST >4 LINES OF PAL DESIGN SP EC I FI C AT 10 N 

PALO 1 340 



READ (npO, 10) lPAL,INArt£,R£Sr, PA TN UK, TITLE, COMP 

PALOl 350 


-10 

FORMAT (3A 1 ,bAl , 72A 1 ,/, dOA I,/, BOA l,/,dOA 1) 

PAL0U6C 

c 


READ IN PIN LIST (LINE 5) THROUGH IrlE END OF THE PAL DESIGN 

PALO 1370 

c 


SPECIFICATION 

PAL01380 



DO 15 J= 1 , 20U 

PALO 1 J90 



RE AO (riPD, 11 , END= 1o) ( I P AG E (X , J ) , 1= 1 , BO) 

PALO 1400 


1 1 

FOrtMAT (BOA 1) 

PAL01410 

c 


CHECa for ‘FUNCTION TABLE* AND SAVE ITS LINE NUMBER ■ 

PAL01420 



IF( IFUNCT.EO.O . AND. IPAGc. ( 1, J) , Eg. FF, AND, 

PAL01430 



1 rc'A0E(2,J).Ej.UU,AND,IPAGE(i,J).Eg,HN.AND, 

PAL01440 



2 :PAGE (4 , J) , Eg, CC . AN J, IPAGE (5, J) . Eg, rr . AND , 

PALOl 4b0 



3 r?AGE(o,J),Eg.II.AND.IPAGE(7,J),Eg.00.AND, 

PALO 1480 



4 iPAGE(B,J) ,Eg.NN.AND,I?AGE(10,J) .EQ.TT.ANJ, 

PAL01470 



5 xPAGE ( 1 2, J) , Eg . BE , AND. IPAGE ( I4i, J) ,£g, EE ) IFUNCT = J • 

PAL01430 

c 


CHECK FOR ‘DESCRIPTION* AND SAVE ITS LINE NUMBER 

PALO I49C 



IF( IDESC.Eg.O , AND . IPAGE ( 1 , J) , SQ, 00. AND. 

PALO 1500 



1 IP AGE (2, J). Eg. EE, AND, IPAGE (i,J) .EQ.SS.AND. 

PAL01510 



2 IPAGE ( 4, J) .Eg.CC.AND, IPAGE(S,J) .Eg.RK.AND. 

PAL01520 



3 IPAGE(t>,J),£g,II,AND.IPAGE(7,J) .Eg.PP.AND^' 

PAL01530 



4 iPAGE(B,J).£g.TT,AND.IPAGEr3,J),Eg,II,AND. 

PALO 1540 



5 I? AGE ( 10 , J) . Ew .00 . AND. IPAGE ( 1 1 , J) .EQ, NN ) IDESC=J 

PALO 1550 


1b 

CONTINUE 

PAL01560 

c 


SAVE THE LAST LINc. NUKBER OF THE PAL DESIGN SPECIFICATION 

PALO 1570 


18 

1END=J-1 

PAL01580 



CALL INITLZ (INAK£,iXYP£,LFUSES,IC,lL,IBLOW, IPCTR) 

PALO 1590 

c 


PRINT ERROR MESSAGE FOR INVALID PAL PART TYPE 

PAL01600 



IF (ITYPE, N£, 0) GO TO 17 

PAL018 10 



WRITE (PMS, Id) iPAL, INAME 

PALO 1b2u 


13 

FORMAT(/,* PAL PART TYPE ‘,3AI,SA1,» 15 INCORRECT*) 

PAL01630 



STOP 

PALO lo40 

c 


■GET 24 PIN NAMES 

PAL0165D 


24 
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17 DO 

20 J*l, 24 

PAL0)6b0 


20 

CALL GETSYrt (LPHASE,ISy?l, J,IC,IL) 

PALO 1670 



IFt.NOT. (LEQUAL.Oa.LLEFT.OR.LANp.OK.LOfi.OR.LRIGHT)) GOTO 24 

PALO i6tiO 



URIIE (PBS,2)) 

PAL0I690 


23 

FOHKAT(/, ’ LESS THAN 24 PIN AAfiES XN PIN LISX*) 

PALO 1700 



STOP 

PALOUlv) 


2U JLS 

-IL 

PAL0I720 

c 

eiPASS FUSE PLOT ASSEBBLI IF HAL (H IW LIHE 1, COLOH* «) 

PALO 1730 


i;n 

IPAL(0 ,Eg.H ) 30 TO lOo 

PAL01740 


25 CALL GETSI«(LBUr,IBUF,I,IC,IL) 

PAL017S0 


26 

irt.NOT.LEwUAL) GO TO 25 

PALOUbO 



ILL^IL 

PALOt770 



CALL WATCH (XiiATCH,I8UF,ISVH) 

PAL0t7eU 



IF( IBAICH.Ea.O » GO TO 100 

PAL0I790 

c 


CHECK FO*^ VALID PQLAKITY (ACTIVE LQN) 

PALO 1800 



LSAKE » ( ( LPHASE (XHAICH) } . AND, ( LBO F ( 1) ) « OH . 

PALOIdIO 


1 

(, NOT* LPHASKCl WATCH) ) .AND, ( , NOT . LBOF ( 1 ) ) ) 

PALO I82U 



iF( If yPE. NE.o, AND, (LSAaWE) ) LACT-.TRUE, 

PALO 104 J 

c 


CHECK FOK VALID OUTPUT PIN 

PALO 1640 


29 

IF ( (ITFPE. EO. I.Oii.ITIPE. E«,7.0H.ir /PE. EO.d.OR.IIIPE. EO.S.OR. 

PALO 185u 


\ 

iryp£,£g,10),AND, (Xn ATCH. lt. la.OR, IWATCH.GT. 2 3) ) 

PALOIBbO 


2 

LOPERR^.THOE, 

PAL0I87U 



IF( (IT/PE. Ea.2.0R.ITFP£. EQ. 1 I.OB.ITJPE.EO, I2.0R. IT/PS.EO, 1i 

PALO I860 


1 

.0».IT/PE,EO. 14) .AHP. (IBATCH.LT, 1 5 . OR . I B ATC H .G 1 . 2 2) ) 

PAL01890 


2 

iqPERR^.THUS, 

PAL01900 



xr( ITYPE.EO.J.AND. {XrtATC|i,LT, 1 4 .OH . IJt ATC 11 , GT , 2 1) ) 

PAL01910 


1 

LOPERH^.l’&UE, 

PALO 1920 



IF( ITVPE, Eg.U.AHD, (IWAXCH.LT, i 7 , OB , XM ATC H , CT . 20) ) 

PALOI930 


1 

LOPERH* .TRUE, 

PAL01940 



IF ( (XT/PE.EO.S.OH.ITIPE.EO.R) .and. 

PAL01950 


1 

(XitATCH.LT, la.oa.IllATCrt.GT. i9) ) LOP ER R* . TRUE . 

PAL01960 



IF( (LACT) .OH. (LOPERR) ) GOTO 100 

PAL01970 



ladPHO* (23-inATCrt) I- 1 

PAL01980 

c 


START PAL20C1 ON PRODUCT UNE 32 (I8BPRO*33) 

PAL01990 



IF (INAHE (3) ,EW.C) ia8PRO»31 

PAL02000 



XC«0 

PAL02010 


30 

CALL XNCa(IC,IL) 

PAL02020 



I?( . rot, ( lEoUAL.OH.LlEFT) ) 30 TO 30 

PAL02030 



CPROD (laUPRO) -.TRUE, 

PAL02040 



irt.ROT.lLEFT) CALL SLI P (LFOS ES , IdBPBO, IT TPE, I BLOW) 

PAL02050 



00 70 I8PH0*1,H 

PAL02060 



XF( (LXOR) .AND,X8PRp. NE.3 ) GO TQ 70 

PAL0207O 



IPROD «» leOPRO laPRO - 1 

PAL02080 



LPROU (IPROD) TRUE. 

PAL02090 



LfIBST«.TRUS, 

PAL02100 


50 

iLL=^IL 

PAL 02 no 



CALL G£T3yn(LBUF,IBUF, 1,XC,XL) 

PAL02I20 



CALL (lATCH (lt1ATCH,iaUF,ISVH) 

PAL021J0 

c 


CHECK FOR INVALID INPUT PIN 

PAL02 140 



IF( ITyPE.EQ, 1.AHD, (IWATCH.GE. I4,AND.I«ATCH.LE,23) ) 

PAL02150 


i 

LINP».TRUE. 

PAL02160 



IF( ITVPE.EO.i.AND, (IflATCH.GE, 15, AND,iriATCH.LE,22) ) 

PAL02170 


1 

LXNp«.XRU£, 

PAL021B0 



If ( IT y PE. Eg. 3. AND, (IHATCH.GE. 1 5 . AND . IW ATCH . L E . 2 1 ) ) 

PAL02190 


1 

LINP?*.rRUE, 

PAL02200 
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IF( ITYP£.Eg.<4,ASD. (IMATCa.GE, 17, AND.IMATCH,LE,20) ) 

1 LINP=.TRUE, 

IF ( IT YPE, Eg, 5. AND, (leiATCH. 18.0R, I^IATCH . EO . H) ) 

1 LiNP=,TRUE. 

IF( ITYPE.Eg.b.AND, (IrtATCH.Eg, 18,oa,IrtATCH, Eg. 19) ) 

\ LINP=.TaUc.. 

IF( ITYPE, Eg,’7. AND, (iMATCU.ig, 1 4 , OR . I H ATCH , Eg , 2 3) ) 

I LINP=‘,THU£. 

IF ( ITYPE, Eg . B , , AND , (IMATCrt, E^ , 1 ,0R, IMATCH . EQ , I 3) ) 

1 LINP=.THaS, 

IF ( II Y PE .Eg, 9 , .AND . (IfiATCH, Ev . 1 , Ofi . 1 .1 A TC ri , EQ , I J ) ) 

1 LTNP^.TRUE, 

IF( ilYPE.Ew 10, . AND, (IflATCK, £Q, 1 ,OR. inATCH.Eg, I 3) ) 

I LISP=',rRU£, 

IF I ITYPE.Eg, M,AND, (If!AXCH,Eg, !S,OR,I.'1ATC8.Ew.22) ) 

\ LI NP^, TRUE, 

IF( ir YPE.GE, 12, AND, (IrtATCH, £g, 1, OK, 1*1 ATCH, Eg, 1 3) ) 

1 LiNP=,TSUE, 

ILL=IL 

IF (LINP) DO TO 100 
IF (HATCH, Eg, 0) GU TO 100 
IF (HATCH. Eg, 12) GO TO b4 
IF (, NOr.LFIKST) GO TO So 
LFIt<3T=, FALSE, 

DO 5b 1=1,40 

ISLUn = iBLOw I 

5b LFU SES (I, IPROD) =.TKU£. 

5 8 CALL I XLn IE (I IN PUT, LPhASE, HATCH, LbUF , IT Y?E) 

IF (IxNPUr,Li:..0) GO 10 bO 

IHL0>i = IbLOW - 1 

LFU SES (II NPUT, IP ROD) =. FALSE, 

CALL PLOT (L5UF,IBUF,LFUSE3,i?R0D,*TITLe,, FALSE. ,1TYPE, 
1 LPROD,IOP,IdLOW) 

bO. IF (LAND) GO TO 50 

b4 IF (. NOT .LKiGHT) GO TO bd 

66 CALL INCH (IC,IL) 

IF (. NO! .LEgOAL) GO - TO bb 

bd 1 F( ,Nur, (LOK.OR.LEgUAL) ) GO TO 74 ' 

70 CONTINUE 

7'4 ILL = IL 

CALL G£TSY?1(IBUF,IBUF, 1,IC,IL) 

IF (LLEFI, OR, LtgUAL) GO TO 28 

100 IF( ILL.Eg, IFUNCT.OH.ILL. Eg.IDESC.OR.ILL.EQ.ILND ) GO TO 102 
PRINT AN ERROR MESSAGE FOR AN U N R ECOu N I E A 3LE SYMBOL 

IL£RR = ILLt-4 
WRITE (PrtS , 99) BEL 
99 FORMAT (• * , A 1) 

WRITE (P15, 10 1) (IBUF (1, 1) ,1= 1 , B) jlLERB, ( I PAG E ( I , I LL) , 1= 1 , dO) 

101 FORMAT(/,» ERROR SYMBOL = »,BAl,* IN LINE NUMBER *,Ii, 

1 /,* SBOAl) 

PRINT AN ERROR MESSAGE FCR ACTIVE HIGH/LOW ERRORS 
IF( (LACT) . AND, ( , NOT. LQPERR) ) W R IT E (PilS , 1 0 3) I?AL,INA«E 
103 FORMAX(* OUTPUT MUST BE INVERTED SINCE •,3Al,5Al, 

1 * IS AN ACIIVE LOW DEVICE*) 

PRINT AN ERROR MESSAGE FCH AN INVALID OUTPUT PIN 


PAL02 2 10 
PAL02220 
PAL02230 
PALO 224 0 
PAL02250 
9^LQ2^bO 
PAL02270 
PAL022d0 
PAL02290 
PAL02300 
PAL02 3 10 
PAL02320 
PAL02330 
PAL02340 
PAL023S0 
PAL023b0 
PAL02370 
PAL02 380 
PAL02390 
PAL024C0 
PAL02410 
PAL02420 
PAL02430 
PAL02440 
PAL02450 
PAL02460 
PAL0247a 
PAL02480 
PAL02490 
PAL02500 
PAL02510 
PAL02b20 
PAL02530 
PAL0254C 
PAL02550 
?AL025bC 
PAL02570 
PAL02580 
PAL02S90 
PAL02600 
PAL02b 10 
PAL02620 
PAL02bJ0 
PAL02b40 
PAL02bb0 
PAL02660 
PAL02b7D 
PAL02b8C 
?AL02b90 
PAL02700 
PAL02710 
PAL02720 
PAL02730 
PAL02740 
PAL02750 
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IF( (LOPERR) .AHD.IMAtCH.NE.O ) WRITE (PMS , 1 OS) IM ATCH , IP AL , I A' AflE 

PAL02760 


105 

FOaMAT(* THIS PIN, NUMBER *,12,* kS AN INVALID OUTPUT PIH», 

PAL02770 



1 » FOR » ,3A l,5Al) 

PJlL027eU 

c 


PRINT AN ERROR MESSAGE FOR AN INVALID INPUT PIN 

PAL02790 



IF(LINP) WaiTE(PnSj 1 i5) lMATCa,IPAL,INAME 

PAL0280C 


115 

FORMATC* THIS PIN NUMBER *,12,* IS AN INVALID INPUT PIN*, 

PAL02810 



1 » FOR » ,3A I,5aI) 

PAL02B20 



STOP 

PAL02830 


102 

CALL TWEEK (ITYPE, LFUSES) 

PAL02840 


108 

WRITE (6, 106) 

PAL0285U 


106 

FORMAT(/,» OPERATION CODES:*) 

PAL0286U 



waXTE(6,l07) 

PAL02870 


107 

FORMATC/,* E*ECHO INPUT O^PINOUT T^SIMULATE P*PLOT B^SRIEF*, 

PAL02860 



1 /,* C-CAXALOG H=H£X S-SHORT L*BhLF N=BNPF *, 

PAL028‘i0 



2 /,* Q^QUIT F^FAULT TESTING J=J£DEC FORMAT*) 

PAL02900 



WRITE (o, 110) 

PAL0291O 


no 

FORKAT(/n ENTER OPERATION CODE; *) 

PAL02920 



READ (ROC, 120) lOP 

PAL02930 


120 

FORMAT (A 1) 

PAL02940 

c 


CALL IOOC2 

PAL029bO 



IF(POF,NE,6) WRITE (POF, 125) 

PAL02960 


125 

FORMAT (• 1 * ) 

PAL02970 



IF (lOP. EO. E) CALL ECHO (IP AL , I N A ME , R E ST , P ATN U K , i'ITL£,COMP) 

PAL0298U 



IF(IOP,£0,O) CALL PINOUT (IPAL.INAME, TITLE) 

PAL02990 



IF(IOP. E.;,T) CALL TEST (LPHASE,LBUF,TIXLE,IC,IL,ILE,ISYrt,iaUF, 

PAL03000 



1 HYPE, IPCTR, LEHR, lSAF,iPCrKl, .FALSE,, .FALSE.) 

PAL03010 



IF (lOP.EQ. JJ) CALL PLOIF 

PAL0302U 

c 



PAL63030 



ISAF=0 

PALO 304C 



IF(IOP,£^,F) GO TO 200 

PALOiOSb 

c 



PAIi03060 


135 

IF(iOP.£3.P) CALL PLOT(LEUF,IBUF,LFUSES ,IPROD,TITLfc, .TRUE. , ITYPE, 

PAL03070 



1 LPROD, lOPjiilLOW, iPCTRO) 

PAL030B0 



IF (lOP.Sw.B) CALL ? LOT ( LEU F * I 8U F , L F USES , I PROD , 1’ IT L E , , TR U E . , ITY P E , 

PAL03090 



1 LPROD, lOP, IBLOW, IPCTRC) 

PAL03 100 



IF(IOP.£Q,H) CALL HEX (L FUSES > H) 

PAL03 no 



IF(IOP.Ew.S) CALL HEX (LFUSES, S) 

PALO 3 120 



ir(IOP.£Q,L) CALL BINR (LFUSES, a, L) 

PAL0313O 



ir(IOP.Eg,N) CALL BiHR (LFUSES ,P,N) 

PALOS 140 



IF(IOP,Eg.C) CALL CAT 

PAL03150 

c 


CALL I0DC4 

PAL03 loO 



IF (lOP. NE, 0 ) GO TO lOa 

PAL03 170 



STOP 

PAL031BO 

c 



PAL03190 

c 

SETTING lri£ PARAflEIEt^S FOR THE SAO/SAl TESTS 

PAL03200 


200 

IPCTR = 0 

PAL03210 



CALL TEST (LPHASE, LaUF,TiTL£, IC,IL,ILE, ISYM, I BU F , IT Y P E , I PC TR , 

PAL03220 



1 L£HR,ISAF,r?CTRl,iFALS£,, .FALSE.) 

PAL03230 



IPCTRO=IPCIR 

PAL03240 

c- 

Looping for sai test 

PAL032S0 



DO 210 IPCTal=l,IPCTRO 

PAL03260 



LSA 1 1 = ,TRJE. 

PAL03270 



CALL TEST ( L P H A S E , LBU F , TITL E ^ IC , IL , I lE , I S f M , IBU F , IT YPE , I PCT R , 

PAL03280 



1 L£KE,ISAF,IPCrKl,LSAll,,FALSE,) 

PAL03290 


210 

CONTINUE 

PAL03300 
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ISA l = ISAF 


PAL03310 

c 

LOOPING FOB SAO TEST 


PAL03320 



DO 215 ipcTR 1= i^ipcrao 


PAL03330 



LSAO 1 = . TRUE, 


PAL03340 



CALL TESi (L PHASE* IBUF.TITILE, IC,IL, IL£, I S if H , IBU F , i f If P E , I PCT R , 


PAL03350 



L£RH,ISAF,IPCTR i, , FALSE. , LSAO 1) 


PAL03360 


2 15 

CONTINUE 


PAL03370 



ISA0 = I5AF- ISA 1 


PAL03380 



IFAULI^ (iSAF^ 100) / (2<'IPCTR0) 


PAL03390 



WRITE (POF, 220) ISAl 


PAL0340Q 


220 

FORilATC/,* NUJIBEH OF STUCK AT ONE (SAl) FAULTS ARE I J) 


PALO 34 10 



WRITS (POF, 225) ISAO 


PAL03420 


225 

FORMAT (/,♦ NUMBER OF STUCK AT EERO (SAO) FAULTS ARE =* • , IS) 


PAL03430 



WRITE (POF, 2 30) I FAULT 


PAL03440 


2 30 

FORMAT!/, • PRODUCT TERM COVERAGE » • Ii,»:iS* 

»//) 

PALO 3450 



GO TO 13:> 


PAL034b0 

c 




PALO 3470 



END 


PALO 3480 

c 




PALO 3490 



»PAL03500 

c 




PAL03510 

c 




PAL03520 

c 

THIS oGBaOUTINL GENERATES JECEC FOBHATTED OUTPUT FOB INTEKFACING 


PAL03S30 

c 

WITh 

DATA I/O PROGRAMMER 


PAL03S40 



SUBROUTINE PLOTF 


PAL035S0 



IMPLICIT INTEGER (A-Z) 


PAL035G0 



LOGICAL LFUSES (40 ,80) 


PAL03570 



INTEGER IPBUF (40) ,ZEROiONE 


PAL03580 



INTEGER I SUM (4) , I AD R , S T X , ET X , IDEC (4) , IPT , IIN P , J 1 , J 2 


PAL03590 



INTEGER iDECI0(4) ,ISUnV (4) ,ISUMIO(4) ,BaFIO(40) 


PAL03600 



COMMON /LUKIT/PMS,POF,PDF 


PAL0361U 



COMMON /IPT/IPT 


PAL0i620 



COMMON /LFUSES/LFUSES 


PAL03630 



COMMON /SUM/ISUM,IDEC ,IPBUF, aUFIO 


PAL03640 



DATA ZERO/* OVf ONE/M •/ 


PAL036S0 



IADH=0 


PAL0366G 



STX = 2 


PAL03670 



£TX = 3 


PAL03680 



ISUM (2) =0 


PAL03690 



ISUM (4) = 230 


PAL03700 



WRITE (PDF, 10) STX 


PAL03710 


10 

FORMAT (• • , A 1, •«F0«*) 


PAL03720 



DO 300 IPT=l,aO 


PAL0373U 



DO 50 IINP= 1 ,40 


PAL03740 



IF (LFUSES ( I IN P, IPT)) IPBU F (II NP) =OH£ 


PAL03750 



IF(,NOT. (LFUSES (IINP, IPT) )) I PBU F (I I KP) =Z ERO 


PAL03 760 


50 

CONTINUE 


PAL03770 



IF (LFUSES (1 , IPT) ) GO TO 100 


PAL03780 



IF(,MOT,LFUSES(2,XPT)) GO TO 250 


PAL03790 


1(^0 

IDEC(4)=*IA0h 


PAL03800 



DO 150 J= 1 , 3 


PAL03dl0 



J1=5-J 


PAL03820 



J2=4-J 


PAL03830 



IDEC(J2)=ID£C(JI)/10 


PAL03840 



IDEC (J 1) =IDEC (J 1) - lO^IDEC (J2) 


PAL03850 



24-85 
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lOECIO (J 1) - ICONV (ID£C (J 1) ) 

PAL03860 


ISO 

CONTINUE 

PAL03870 



lOSCIO ( 1) =ICONV (ICEC ( 1) ) 

PAL03B8O 



CALL SUr.CHK 

PAL03B9U 



WRITE (PDF, 20 1) ID£CiO,IPBUr 

PAL03900 


20 I 

FOUMATC L»,4Al,* •,10(4Al,' *).***) 

PAL03910 


250 

iADR=iADai-40 

PALO i920 


300 

CONTINUE 

PAL03930 



I5U?lIO(l)=ICONV(ISUil(2)/lt>) 

PAL03940 



ISJrt (2) =«OD (ISUH (2) , lb) 

PA1039S0 



ISUttIO (2) =ICONV (ISUft (2) ) 

PAL039bO 



ISUillO (3) ^^ICONV (ISUn (4) / lb) 

PALOi970 



ISUrt (4) =hOD (ISUM (4) , lb) 

PAL039a0 



I3UHIO (4) = iCON V (ISU.I (4) ) 

PAL03990 



WRITE (PDF, 400) ETX,ISU«IO 

PAL04000 


400 

FOa«AT(* '!'• , A1,4A 1,*<'» ,/) 

PAL04010 



RETURN 

PAL04020 



END 

PALObOiO 

c 



PALO 4 040 

c 



PAL040SJ 

c 



?AL040b0 



SUBROUTINE SUfICHK 

PAL04070 



IftPLICIT INrSGER(A-2) 

PAL040B0 



LOGICAL- LFU5ES (40,80) 

PAL04090 



INTEGER iPBUF(40), bUfIO(4U) 

PAL04 100 



INTEGER ISUfl(4), IDEC(4) 

PA L04 1 1 u 



COHiiON /IPT/IPT 

PAL0412C 



COvM?lON /LFUSES/ IFUSES 

PAL04 13U 



cortMON /sun/ rsua, id£c,ipbuf,3ufio 

PAL04 140 



DO 50 J= 1 , 40 

PAL04 150 



IF (LFUSES (J , IPT) ) BUFIO (J) =45 

PAL04 160 



IF (. NO I, LFUSES (J, iPf) ) BUFIO (J) =4b 

PAL04 170 



iSUM (4) =iSUH (4) »8UFI0(0) 

PAL04 180 



IF (ISUn (4) .GE,25b) ISUfl (2) =I3U« (2) 1 

PAL04 190 



IS an (4) =noD (isun (4) , 2Sb) 

PAL04200 


50 

CONTINUE 

PAL0421U 



DO 100 J=l,4 

PAL04220 



ISUn(4)=iSUrt(4) HDEC(J) ►4d 

PAL04230 



IF(ISU«(4),GE,25b) 1SUM(2)=I3UM(2)»'1 

PAL04240 



ISUn (4) =KOD (isun (4) , 2;>b) 

PAL042S0 


100 

CONTINUE 

PAL04260 



ISUfl (4) =ISUM (4) 17 3 

PAL04270 



isun (2) =isun (2) i- 1 

PAL04280 



IF(ISUn(4).GE.25b) iSUrt(2)=I5Ufl(2)H 

PAL04290 



isun (4) =noD (ISUM (4) , 2s6) 

PAL04300 



RETURN 

PAL04310 



END 

PAL04320 


PAL04330 

C 



PAL04340 



INTEGER FUNCTION ICONV (K) 

PAL04350 



IMPLICIT INTEGER (A-Z) 

PAL0436U 



DATA A/»0*/fB/M»/»C/»2»/»0/» iV»£/*^*/»F/»SV»'^/‘ 

b»/f H/» 7*/ PAL04370 



DATA I/*6 VtO/*^*/fX/» A*/#!*/' aVf rt/*CV, N/»D»/. 0/' 

'£»/iP/* PV PAL04380 



IF (K.EO.O) ICONV = A 

PAL04390 



IF (K, EO. 1) iCONV = B 

PAL04400 




^ vi> 
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IF(K,£v.2) ICONV^C 
IF (K, £0,3) ICONV = L 
IF(K,EQ.4) IC0NV=E 
IF (K.EO.S) rCOKV-F 
IF(K.E0.^>) ICONV = G 
IF(K,£0.7) IC0NV=H 
IF (K. EO.B) ICONV-i 
IF (K. E0.‘J) ICONV^^J 
IF (K. Eg. 10) ICONV = X 
1F(K.EQ. 1 1) ICONV=L 
IF (K. Eg. 12) ICONV = tt 
IF (K. Eg. 13) ICONV=N 
IF (K.E-g. 14) IC 0 NV =»0 
IF (K.Eg. 15) ICONy=»F 
SEXURN 
END 

C 

C 

SU3H0UTINS INITL2 (I N A tlE , IT I PE , L FU3 £S , IC , X L , I faLO W , I PCX H) 

C THIS SUSKOUXINE INIXIALIZIES VARIABLES AND HATCHES PAL PART 

C NUfliiEH WITH ITIPE 

IMPLICIT INTEGER (A-Z) 

INTEGER INAflE (b) , INFO (6, 14) 

LOGICAL LBLANK , LIEFT, LAND, LOR , LS L A S H , LEO U AL , LR I GH X , L FU S ES (4 0 , B 0) , 
1 LHATCH.LXOa 

COflrtON LQLANX , L LEFT, LAND, LOH , LS L A S H , LEQU A L , LR IGH T , L XOR 
COHflON /PGE/ IPAGE (80, 200) 

DATA INFO/ 


• 1 • 

,•2* 

.•L* 

» * '* » 

»0» 


• 1 * 

,•4* 

,*L* 



.2. 

» 1 * 


.•L» 

• *0 • , 


» B , 

• 1 • 

, *8* 


» *4* , 


9^9 

»2» 

, *o» 

.'L* 

• '2' , 


.S, 

• 2« 

.•0* 

,'C» 

r • * • . 



•2» 

. *0* 

• ’L* 

* * '* r 

•0* 

,7, 

•2» 

. ’O* 


• * J * f 

•0* 

• 8, 


,»0* 

,«X» 

. , 


.9. 

•2* 

,»0» 

f ’X* 

, »4 • , 


, 10, 

•2* 

, 'O* 

r ’L* 



• n. 

• 21 

, *0* 


• ‘B* , 


• 12, 

*2* 

. *0' 

, 'R* 



• 13. 

• 2» 

,*0» 

.•H* 



• 1^/ 


INITIALIZE LFU3ES ARRAY (FUSE ARRAY) 

DO 20 J*l,bO 
DO 20 I»l,40 

LFUSES (I, J) FALSE, 

INITIALIZE IBLOW (NUHbER OF FUSES BLOWN) 

IBLOW»0 

IPCTR«0 

INITIALIZE iC AND XL (COLUrtN AND LINE POINTERS) 

1C*0 

IL» 1 

INITIALIZE ITYPE (PAL PART TYPE) 

ITYPE»0 


PAL044 1C 
PAL0442C 
PAL04430 
PAL04440 
PAL04450 
PAL04460 
PAL04470 
PAL044B0 
PAL04490 
PALC450C 
PAL045 10 
PALC4520 
PAL04b30 
PAL04540 
PAL04S5U 
PAL045b0 
PAL04570 
PAL04580 
PAL04590 
PAL04600 
PAL04blU 
PAL04()2O 
PAL04b30 
PAL04640 
PAL04b50 
PAL046b0 
PAL04b70 
PAL04b60 
PAL04b9U 
PAL04700 
PAL04 7 10 
PAL04720 
PAL04730 
PAL04740 
PAL047S0 
PAL04760 
PAL04 770 
PAL04760 
PAL04 790 
PAL04800 
PAL04810 
PAL04820 
PAL04330 
PAL04840 
PALp4850 
PALOUdbO 
PAL04870 
PAL04880 
PAL04890 
PAL04900 
PAL04910 
PAL0492Q 
PAL04930 
PAL04940 
PAL049bO 
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FI 

LE: 

PAL24 FORTRAN A jnSC IIilE SHARING SERVICES VH/SP RELEASE 2,0 


C 


iryPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES: 

PAL049b0 

c 


PAL12L1Q = 1 PALI4L3 = 2 PAL16LG = i PALIJLU = 4 

PAL04970 

c 


PAL20L2 = 5 PAL2jC1 = L PAL20LI0 = 7 PAL20XI0 = 3 

PAL0498U 

c 


PhL2DX3 ^ 9 PAL20X4 •= 10 PAL20LB = 11 PAL2038 = 12 

PAL04990 

c 


PAL20Rb = n PAL20R4 = 14 

PAL05000 



DO 40 J= 1 , 14 

PAL05010 



LMAlCii=,I8UE. 

PAL05020 



ZT 

II 

•■H 

O 

o 

PAL05030 


30 

IF (INAHE (I) . N£, INFO (i , J) ) Lrt A TC ri= , F A L S E , 

PAL0504G 



IF (LMAfCH) ITY t E=INF0 (b, J) 

PAL05050 



IF (LSAICH) GO TO 50 

PALOSOfeO 


40 

CONTINUE 

PAL0d070 



IF(irYPE,EU.O) HZIURN 

PAL0508C 


5 0 

CALL INCR(IC,IL) 

PAL05090 



RETURN 

PALOS 100 



END 

PALOS no 

c 



PALOS 120 


c 



PALOS 140 



SUBROUTINE u£TSYfHLPrtASE,ISYtt,J,IC,iL) 

PAL05150 

c 


THIS SUdttOUriNE GETS THE PIN NAME, / IF COHPLEKENT LOGIC, AND 

PALOS IbO 

c 


THE FOLLOWING OPERATION SYHBOL IF ANY 

PALOS 170 



IMPLICIT INTEGER (A- Z) 

PALOS 180 



INTEGER I5YM (5,24) 

PAL05190 



LOGICAL LBLANK,LLEFT,LANC,LOR , L5 L AS H , L E 2 U AL , LR I&HI , LXOR, LP H A 3E ( 24 ) P A lO 5 20 0 



COMMON L3LANK , LLEFI, LA NL, LOR , L5 L AS H , LE y U A L , L R IG HT , L XOS 

PAL0521C 



COMMON /PGE/ IPAGE (30, 20U) 

?ALa522u 



DATA IBLANK/* •/ 

PAL0S230 



IF( ,NO:, (LLEFT.OR.LAND.OK.LOR.OR.LEgUrtL.OR.LRlGHT) ) GO TO 10 

PAL05240 



CALLING R(IC,IL) 

PAL0S250 


iO 

LPHASE (J) = (, NOT .LSLAS.-i) 

?AL052b0 



IF (LPHASE (0) ) GO TO 15 

PAL052?G 



CALL INCK(IC,IL) 

PAL0S280 


15 

DO 20 1=1,3 

PAL05290 


20 

ISYM (X, J) =XBLANK 

PAU05300 


25 

DO 30 1=1,7 

PAL0S310 


JO 

iSYM (I , J) =ISY« (1 ► 1, J) 

PAL05320 



ISYM (8, J) =IPAG£ (IC, XL) 

PA105330 



CALL INCR(IC,IL) 

PAL05340 



IF( LLEFT ,OK. LBLA NK.OR, LAND.OR.LOR.Ofi, LRIGHT.OR. LEgUAL ) RETURN 

PAL0535C 



GO TO 25 

PAL0S360 



END 

PAL05370 

c 



PAL0S380 


PAL05390 

c 



PAL05400 



SUBROUTINE INCR(IC,IL) 

PAL0S4 10 

c 


THIS SUBROUTINE INCREMENTS COLUMN AND LINE POINTERS 

PAL0S420 

c 


BLANKS AND CHARACTERS AFTER »;» ARE IGNORED 

PAL0S4J0 



IMPLICIT INTEGER (A-Z) 

PAL05440 



LOGICAL L3LANK , LL EFT , L A N G , LOR , LS L AS H , L EgU AL , L RIG HT , LXOR , LXOR 1 

PAL05450 



COMMON L3LANK , L L E FT , L A ND , LOR , LS L AS H , L Eg U AL , L R I GHT , L XOft 

PAL05H60 



COMMON /PGE/ IPAGE (80, 200) 

PAL05470 



COMMON /LUNIT/ PI1S,POf,PDF 

PAL0S48U 



DATA I BLANK/* »/,iL£FT/* ( » / , i A H D/ • , XOR/ • ► * /, C0.1ENT/* ;»/, 

PAL0S490 



ISLASH/»/*/,IEgUAL/*=*/,lRIGHT/») •/,ICOLON/» : »/ 

PAL0S500 
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L3LANK=, FALSE, PAL05510 

LXOW=, FALSE. PAL0bS20' 

LXOH l = . FALSE . PAL055JC 

!0 IC^Icn PAL0S540 

IFt IC,L£.73.AND.iPAGE(IC,xL) .NE.COJIENT ) GO TO 30 PAL05550 

IL = IL*-I PAL0S560 

IF (XL. L£, 20vj) GO TO 20 PAL05570 

I.RITE (PrtS, IS) PAL0S580 

!S FOIu'lArC/,* SOURCE FILE EXCEELS 20U LINES OR .1ISSING*, PAL0S5SQ 

1 ♦ OESChIPTION OH FUN'CTION TABLE K£7 WORD*) PALOSoOQ 

s:o? PAL0S610 

20 IC=0 PAL05620 

GO TO 10 PALOb6iO 

.30 IF (IPAv^E (IC, IL) . NE.XSLaNK) GO 10 3 1 . ?AL0Sb40 

L3LANK^, TRUL, PAL05650 

GO TO to . PAL05660 

31 IF (IPAGE (IC, XL) , NE.ICOLOH) GO TO 32 PAL0S670 

IF(LXOft) GO TO 33 PAL0566U 

LXOHl=,lt<.U£, PAL0S690 

GO 10 10 PAL0S7U0 

33 LOR=.THU£, PAL05710 

RETURN PALOS720 

32 IF( . NOT, (IPAGE (IC, IL) , Sg.IUa. AND. (LXOR 1) ) ) GO TO 34 PAL05730 

LXOR=,IKb£. PALOS740 

GO TO 10 PAL0S750 

34 LLEFT = (I P AG E ( IC , I L) . EO'.IL E FT) PALU57bO 

LAND = (IPAGE (IC, IL) .Ev^.lAND) PAL 05 77 0 

LUH =(iPAG£(IC,IL),£v.iOR) PAL05780 

LSLAS:i= (IPAGE (IC,IL) .lv.ISLASH) PAL0S750 

LE'^L)AL=(iPAGE(IC,iL),E>^,IE\^UAL) PAL05B0J 

LnIGHI= (IPAG£ (IC,iL) .Eg.IH.IGWr) PAL0S61G 

RETURN PALO502O 

END PAL0S830 

C PAL05840 

C PAL0S860 

SUBROUiliNE MATCH (IrtATCH , laU f, IS XF) PAL05870 

C THIS SUaaOUriNE finds a MAXCri BETWEEN THE PIN NAME IN THE . EQUAriONPAl05880 

C' AND IriE PIN NAME IN THE PIN LIST OR FUNCTION TABLE PIN LIST PAL0S890 

IMPLICIT INTEGER (A'Z) . . ’ PAL05900 

INTEGER IBUF (U,24) ,rSXM (8,24) PAL05910 

LOGICAL L MATCH PA LOS 920 

I«ArCH=0 PAL059J0 

DO 20 0=1, 24 PAL0S940 

LflATCtl=.T«UE. PAL03950 

. DO to 1= 1 , 8 P AL0596U 

10 LrtATCH = L MATCH, AND. (i d U F (1 , 1 ) , Ev . ISEM (I, 0) ) PALOS 9 70 

XF(LrtArCH) IflAXCH = 0 PAL059d0 

20 CONTINUE PAL05990 

RETURN PALOSOOO 

END PALObOlO 

C PA106020 

C PALOS04U 

SUdHUUTINE IXLATE (IIN?UT,LPHASE,IMATCH, LBUF,IXXPH) PAL06050 
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nut: pill .^4 FUiaiSMI A asc TUKiS SHAaihC services Vfl/SP BEUEASE 2.0 


THIS 3U3B00TINE FI(.’03 A RAi’Cfl BETWEEN INPUT PIN NUBBEB AND PAK56060 

THE INPUT UINE NOHOES FOB A SPECIFIC PAL, ADil 1 TO THE INPUT PA106070 

LINE NUrtBEB IF IBS PIN IS A COaPLEWENI PAtQ&CBO 

INPIICIT INTEGEB (A-2) PAL060V0 

INIBGEB ITAHLE (24 , 14) PAE0610U 

LOGICAL LPBASE (24) ,LBUF (24) PALOBHO 

DATA ITABLE/ PAL06I20 

I ), l,S,S, I ), 17,2 l,2S.2'i,33,37,0,3'), 0, 0. C, 0, 0, 0, 0, 0, Q, 0 , U , p AL06 130 


2 3, 1,3,9 , 13. 17 , 2 1 , 25, 2). 33, 37, 0,33, )B, 0, 

3 3, 1,5, 9, 13, 17,21, 2!». 29, 3 3, 37, 0,39, 35, 3 1 


0, 0, 0, 0, 0, 0, 0,7,0,PAL0<i140 
0, C, 0, 0^ 0, 0, 1 1 , 7,0,PAL061S0 


3, 1,5,9, 1 3, 17,2 1,25, 29,33,37,0,39, 35,31,27, 0, 0, 0, 0 , 1 5 , 1 1 , 7 , 0 , PA LOB 160 
3, 1,5,9, 1 3, 17, 2 1,25,29,3 3, 37 ,0,39, 35, 3 1,27,23, (), 0, 19, 15, 1 1, 7,0,?AL06170 
3, 1,5,9, 13, 17,2 1,25,29,33, 37 ,0,39, 35,3 1,27,23, 0, 0 , 19 , 1 5 , 1 1 , 7 , 0 , PAL06 ISO 


7.0. 0 ,PAL0619U 

7. 3.0, PALO&200 

7. 3.0, PAL062)0 

7. 3.0, PAL0622U 
0, 7,iJ,PAL06230 

7. 3.0, PAL06240 

7. 3.0, PAL0B250 
7, 3,0/PAL06260 

PAL06270 
PAL0628C 
PAL06290 
PAL06300 
PAL063IQ 
PA106320 
PAL0&33O 
AP AL0634 0 

C ' PAL06350 

PAL063&0 
PAL06i70 
PAL0638Q 
PAL06390 
PAL06400 
PAl064tO 
PA10642U 
PA106430 
PAL0B440 
PAL0b450 
PAL06460 
PAL06470 
PAL06480 
PAL06490 
PAL06500 
PALObSIO 
PA106520 
PAL0B530 
PAL06540 

C VAlObSSO 

C PAL06570 

SyBaOUTIlia cat PALOftbBU 

C THX3 SUyaOUTXN^ PfilUTS THE PALASH CATALOG PALQ6S9Q 

iriPLXCIir integer (A-2) PAiOGGOO 


3, 13, I7,21,25,nJ 9, 33.37,0,3^, C , 3S , 3 1 , 2 7 , 2 3 r 1 9 , 15 , 1 

0, 1,5,3, 13, 17,2 1,25,29,33, 37.0. Q, J9, 3 3, 31 ,^(7. 2 3, 13, 15, 1 
0, 1,5,9. 13, 17,2 1^ 25,29,3 3 , 37,0, 0 , 3 3 , 35 , 3 1 , 2 7 , 23 , 1 9 , 15 , 1 
0, 1,5,9. 13, 17,21,25,29,3 3,37 ,0, 0 , 39 , 35 , 3 1 , 27 , 2 3 , 1 9 , 15 , I 
3, 1,5,3, 1 3, 17 , 2 1,25,29,33,37 .0,39, 35, 0 , 3 1 , 2 7 , 23 , 19 , 15 , 1 

0, 1,5,9, 1 3, 17 , 2 1,25,29, 3 3, 37.0. 0 , 39, 3 5 , 3 1 , 2 7 , 23 , 1 9 . IS , 1 

0, 1,5,9, 1 3 , 17,2 1 , 25, 2 9 , 33, 3 7,0, 0 , 39 , 35 , 3 1 , 2 7 , 2 3 , 1 9 , 1:> , I 

0 , 1,5,9 , 1 3, 17 , 2 1 , 25, 29,33, 37 .0, 0 , 39 , 3 5 , 3 1 , 2 7 , 2 3 , 1 9 , 15 , 1 

lauoL’^Q 

(( LPHA^LdflATCa)) .AHU, (,KOJ:.L0UF(1))) ,08, 

I ((.NOT, LPHA5E (inAiCnp ( L80F(1))) ) 10001^1 

ITHPUT^IXA5L£(X«AXyH,ITYVE) 

BETUHN 

ENO 


^UBROOTINE ECHO (I P Al , i N ANE , R E^T , P ATNU W , T IT L S , COHP) 

THIS SOSiaOU^IHE PBXNT5 THE PAE OLBIGN ECIFICAT ION INPUT FILE 
lilPLICIT INTEGiH (A-2) 

INTE5EB iPAL (3) , IAA«E (5) .BEST (72) .PATNUrt (00) .TITLE (00) ,COHP (eO) 
COHHON /PGE/ IPAGE(0O,2OO) 

C0?l«0,^ /LUNIT/ Pi1S,?0F,PLF 
COflHOiN /FTE3T/ I FU NCT , I OE^C , I EN 0 
DATA IBLAAE/* •/ 

WRITE (POf , 5) iPAL.INAi'lE.REST.FATNUW.TITLE.COflP 
FORttATC/,’ S3A1.5A1.72A1#/,* •,0OAl,/,» •,0OAl,/,» •,80A1) 

DO 20 IL^I.IENO 
IC«0l 
ic«ic-l 

IF( IPAGE(IC,IL) ,E2,IBLANE,AHD,lCt<iT,l ) GO TO 10 
WBITECPOF, 15) (IPAGEdtlL) ,I-Fl,IC) 

FQHHATC •,aOAl) 

20 COKTINUE 
BEXUHN 
END 


10 


15 
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COftilON /LUNIT/ Pc'13 , ROF , PDF 
WRITE (pns, 10) 

10 FOSKAT(/,* TdlS PALASrt AIDS THE USER IH THE DESIGN AND», 

. 1 * PROGRArtKiNG OF THE*,/,* SERIES 24 PAL FAMILY, 

2 • FOLLOWING OPTIONS ARE PROVIOEU:*, 

3 /,* ECHO (£) 

4 • SPECIFICATION*, 

5 //,' PINOUr (0) 

b //,* SirtULATE (T) - 


THE* 


- PRINTS THE PAL DESIGN*, 




WRITE (PrtS , 20) 
20 FORMAr(/,* 

1 


PRIMS THE PINOUT OF THE PAL', 
EXERCISES IHE FUNCTION TABLE*, 
VECTORS IN THE LOGIC',/,* *, 

E«2UATXONS AND GENERATES TEST VECTORS', 

PLOl (P) - PtdMS THE ENTIRE FUSE PLOT*) 


BRIEF (B) - PRINTS ONLY 

OF THE FUSE PLOT* ,/, * 

FUSES ARK OMITTED* , 


THE USED PRODUCT LINES*, 
PHANTOM* , 


PAL0$(> 10 
PAL06b20 
PALO&bSO 
PAL0664G 
PAL06650 
PAL06660 
PAL06670 
PAL06680 
PAL0Sb9U 
PAL06700 
PAL06710 
PAL0b720 
PAL06730 
PAL06740 
PAL06 7S0 
PAL067b0 


3 

//,* 

JEDtC (0) 

- GENERATES 

FUSE 

OUTPUT FOR 

DATA I/O*, 

PALOb77U 

4 

* 

PROGRAMMERS* , 





PALOb 7b0 

b 

//, • 

HEX (H) 

- GENERATES 

HEX 

PROGRAilMIMG 

F OHMAT* , 

PAL0b79U 

b 

//, * 

SHORT (S) 

- GENERATES 

HEX 

programming 

FORMAT* , 

PAL06800 

7 

//, * 

B H L ? ( L ) 

- GENERATES 

3HLF 

PROGRAMMING 

FORMAT* , 

PALOSaiO 

b 

//r * 

. BNPF (N) 

- GENERATES 

BNPF 

PROGRAMMING 

FORMAT* , 

PALOb820 

9 

//,* 

CATALOG (C) 

- PRINTS THE 

, PALASK CATALOG* 

• 

PAL06630 

A 

//r • 

2011 (2) 

- EXIT PALA5M* , 



PAL06840 

B 

//r * 

FAULT (F) 

- FAULT TESTING* 

) 


PALOSeSO 


RETURN PALObSbO 

END PAL06870 

c pALOsaao 



SUBROUTINE PINOUT (I P A L , I N Ail E , TIT LE) 

PAL06900 

PAL06'310 


THIS SUBROUTINE PhINTS THE PINOUT OF THE PAL 

PAL06920 


IMPLICIT INTEGER (m-2) 

PAL0b930 


INI EGER iPAL(3) ,INAME(5) ,IITLE(80) ,?IN(12,24) ,IIN(8,2) 

PAL06940 


COMMON /PGE/ IPAGE (80 , 200) 

PAL06950 


COMMON /LUNIT/ PrtS,?OF,?CF 

?AL0b9b0 


DATA IBLANK/* * / , 1 5 1 A R/ * <= * / 

PAL0b970 


DO 10 J= 1 , 24 

PAL069e0 


DO 5 1=1,12 

PAL06990 

S 

PIN (I, J) =IBLANK 

PAL07000 

10 

CONTINUE 

PAL070 10 

15 

DO 25 J=l,2 

PAL07020 


DO 20 1=1,3 

PAL0703C 

20 

IIN (I, J) =IBLANK 

PAL07040 

25 

CONTINUE 

PAL07050 


IIN (2, 1) =IPAL ( 1) 

PAL07060 


IIN (4, 1) =IPAL (2) 

PAL07070 


IIN (8, 1) =IPAL (3) 

P AL07080 


IIN (l,2)=iNAME(l) 

PAL07090 


IIN (3,2) =INAME (2) 

PALO 7100 


IIN (5,2)=INAME (3) 

PAL07110 


IIN (7,2) =INAM£ (4) 

PAL07120 


IIN (8,2) =INAME (5) 

PAL07 130 


J = 0 

PAL07 l40 


IL = 0 

PAL07 150 
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55 


30 IC=0 
IL = ILi-l 
35 IC = ICH 

40 IF ( IC.GT.dU ) GO TO 30 

IF( iPAGE(IC,IL) .Eg.IBLANK ) GO TO 35 

ir(J.G1.24) GO TO 60 
DO 55 1= 1, 12 

PIN (I, J) =IPAG£ (IC,IL) 

IC = ICM 

IF( IC.GT.aO ) GO TO 40 
IF( IPAGE (IC,XL) .Ev.IBLANK ) GO TO 40 
COKTINUL 
60 DO 75 J-i, 12 
11 = 0 
II^II** 1 

IF (II. EOi 1 3) GO TO 75 
IF( PIN (II, J) .NE.IBLANK ) GO TO 65 
1=13 
I = I~1 
11 = 11-1 

PIN (I, J) =P1N (li, J) 

PIN (II, J) =IBLANK 
IF (II ,NE, 1) GO TO 70 

75 CONTINUE 

WRITE (POF, 7b) TITLE 

76 FORftAT(/, • • ,80A1) 

WRITE (POF, 78) ISTAB,ISTAR,ISTAR,ISTAR, ISTAR,I5TAa,ISIAR , ISTAH, 


65 


70 


1ST AK, I STAR, I ST AH, 1ST A a, 1ST A R, 1ST AH, ISTAR, I STAR, 
ISTAR, ISTAH , ISTAR ,IST AH, iSTAR ,I5TAR, 1ST AR , 1ST AH, 
ISTAR.ISTAR jISrAa,ISTAH,iSTAK ,ISTAR,ISTAR , tSTAR 
• , 16X, 14A 1 , 3X, 14A t , 

•,1dX,Al,13X,Al,lX,Al,l3X,Al) 


BO 


1 


B 1 


82 


78 FORMAT (/, • 

» /r* 

00=24 
DO 88 0 = 1 , 12 

WHITE (POF, 80) I3rAR,ISTAH,ISTAR,ISTAR,ISTAa,ISTAR,ISTAR ,ISTAR 
FORMATS •,15X,4A1,29X,aAl) 

WHITE (POF, 8 1) (PIN (1,0) , 1= I, 12) , ISTAR, 0, 1ST AH, 

(I IN (I, 1) ,1= I ,B) ,ISr AH,00 , ISTAR , (PIN (1,00) ,1=1, 12) 

FORMAT (* *,12A1,3X,A1,I2,A1,1IX,8A1,I0X,A1,I2,A1,3X,12A1) 

WRITE (POF, 82) 1ST AH , I ST AR , I5T A R , 1ST A H , I3T A R , I ST A R , 1ST AR , 1ST AR 
FORMATC • , 1SX,4A1,29X,4A I) 

WHIXE(PaF,34) ISTAR, (II N (1,2) ,1=1,8) , ISTAR 
FOHttAT(» * , 18X, A1 , 1 IX, 8A 1 , lOX, A 1) 

DO 86 11=1,2 

DO 85 1=1,8 

IIN (I,Ii) =iaLANK 

CONTINUE 
00 = 00-1 
SB CONTINUE 

WRITE (POF, 90) ISTAR, ISTAR, ISTAR, 1ST A B, ISTAR, IS TAR, I STAR , ISTAR, 

1 1ST AH, ISTAR, ISTAR, 1ST AH, ISTAR, ISTAR, ISTAR, ISTAR, 

2 ISTAR, ISTAR, ISTAR, 1ST AR, ISTAR , ISTAR , 1ST AR , ISTAR, 

3 I STAR, ISTAR, 1ST AH, ISTAR, ISTAR, I STAR, ISTAR 
90 FORMAT(» » , 18X, 3lAl) 


84 


85 

66 


PAL07 160 
PAL07 170 
PAL07 180 
PAL07 190 
PAL07200 
PAL07210 
PAL07220 
PAL07230 
PAL07240 
PAL07250 
PAL07260 
PAL07270 
PAL07280 
PAL07290 
PAL07300 
PAL07310 
PAL07320 
PAL07330 
PAL07340 
PAL07350 
PAL07360 
PAL07370 
PAL07380 
PAL07390 
PAL07400 
PAL07410 
PAL07420 
PAL07430 
PAL07440 
PAL074S0 
PAL07460 
PAL07470 
PAL07480 
PAL07490 
PAL07500 
PAL07510 
PALO 7 520 
PAL07530 
PAL07540 
PAL07550 
PAL0756U 
PAL07570 
PAL07580 
PAL07590 
PAL07600 
PAL076 10 
PAL07620 
PAL07630 
PAL07640 
PAL07650 
PAL07660 
PAi07670 
PAL07680 
PAL07690 
PAL07700 



FILE: PAL2a 


FOHTRAN A 
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RETURN 

END 


PAL07710 
PAL07720 

C PAL07730 

C ^ 4c ^ 4c 20c ^ 4c 90c ^ ^ 4c 4c XC « ^ 4c ^ 4c ^ « 39 c « ^ 4c >ic ^ ate 4c <c 4c :$c « ift jjc 4c ^ ^ 4c ^ # 4c :0c ijc 4ci0( 4c p A L 0 7 7 U 0 


SUaBOUXINE PLOT (LBUF,IBUF,LFUSES,IPROD,TITLE,LDUMP,ITYPE,LPROD, 
\ IOP,iaLOH) 

C THIS SUBROUTINE PRODUCES THE FUSE PLOT 

IMPLICIT INTEGER (A-2)- 

INT EGER 1BUF(8,24),I0UT(64) ,ISAV£(d0,40),TITLE(a0),IDATA(40) 
LOGICAL LBUF(24),LFUSES(4Q,B0), IDUM?,L?H0D (80) 

INTEGER STX,ETX 

COMMON /LUNir/ PMS,POF,PDF 

DATA IS AV £/ 3 2 00<' • » / , I A N 0/ • « » / , 10 R/ » <■ •/ » ISLA3H/*/*/. 

1 IDASH/*-»/»A/*XVf I5LANK/* • /# P/ * P Vr B/ * 3 »/f 

2 D/* D»/» 2£HO/*OV|ONE/* I */f PX/»0*/# FIDA5H/»0V 
DATA 3TX/202UOOOOO/, ETX/20JOOOOOO/ 

IF(LUUMP) GO TO 5ti 

rF(ISAVE(iPROD, I) .NE.IBLANK) RETURN 
IF(LBUF(I)) GO TO 5 
DO 30 0=1,33 

30 ISAV£(IPR0D,J)=I3AV£(iPR0D,JH) 

ISAVS (IPriOD, 40) =ISLASH 
5 DO 20 1=1,8 

IF( ISAVS(IPR0C,I).NE.I3LANK ) RETURN 
IF( IBUF (I, I) , E^. I3LANK ) GO TO 20 
DO 10 0=1,39 

10 ISAVE(IPROO,J) =ISAVE(IPROD,J^l) 

ISAV£(IPROD,4 0) =IBUF (i, 1) 

20 CONTINUE 

IF (I5AVE (IPROD, 1) , NE.IBLANK) RETURN 
40 DO 50 J= I , 3 3 

50 ISAV£(I?B0D,J)=I5AVE(IPR0D,J*’1) 

I5AV E (IPROD , 40) =IAND 
RETURN 

C PRINT FUSE PLOT 

58 if(iop,£w.d) go re 52 
WRITE (POF,6 1) TITLE 

61 FORMAT(/,» *,B0A1,//, 

1 • 11 1111 nil 2222 2222 2233 3333 3333 »,/, 

2 * 0123 4567 3901 2345 6789 0123 4567 8901 2345 6789*,/) 

GO TO 64 

C4C4C4C4C4C STX DETERMINES THE STARTING CHARACTER FOR DATA I/O FORMAT 

62 WRITE (PDF, 63) SIX 

63 FOHMATC » , A 1 , * >>L0000 V) 

64 DO 100 ia8PHO= 1,73,3 

DO 94 iapaQ=i,a 

IPROD = l88PROHaPRO- 1 
lSAyE(IPRCD,40)=IBLANK 
DO 70 1=1,40 

IF( ISAVE (IPROD, 1) ,N£.I3LANK ) GO TO 70 
DO o5 0 = 1 , 39 

65 IShVE(IPKOD,J) =IS A V £ (I P HOD , J f 1) 

IS AVE (i PROD, 4 0) = I BLARE 

70 CONTINUE 
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PAL24 FORTRAN A NSC TIME SHARING SERVICES VM/SP RELEASE 2.0 



DO 75 1-1,24 

PAL08260 



lOUT (If4 0) «ISAV£ (IP HOD, I) 

PAi03270 


75 

CONTINUE 

PAL032B0 



IF( ISAVE (IPaOD,25) .NE.IBLANK ) lOUT (64) =IDASri 

PAL03290 



DO 80 1=1,40 

PAL08J00 



lOUT (I) =X 

PAL06310 



IF (LFU5ES (I,IPHOO)) lOU T (I) =IDASH 

PAL08320 


80 

CONTINUE 

PAL08330 



CALL FANTOW (ITVPE,IOP, IOUT,IPROD,I8PRO) 

PAL08340 



IF (lOP, NE.D) GO TO 85 

PAL03350 



K=0 

PAL08360 


81 

DO 82 1=1,40 

PAL08370 



IF((IOUT(I) .EW.FX) .OR. (lOUT(I) .Eg.FIDASH)) GO 

TO 82 PAL0838U 



K = K »■ 1 

PAL08390 



IF(IOUT(I) .EQ.X) lOATA (K) =ZEaO 

PAL0d400 



IF (10 UT (I) .Eg. IDAS H) ID AT A (K)=ONE 

PAL03410 


82 

CONTINUE 

PAL08420 



DO 83 1=1,40 

PAL0843U 



IF( (lOUT(I) .Eg.X) .OR. (lOUT(I) .EO.IDASH) ) GO 

TO 86 PAL0844U 


83 

CONTINUE 

PAL08450 



GO TO 94 

PAL08460 


36 

WRITE (PDF ,84) IDATA 

PAL08470 


34 

FQBMATC* •,4Q(A1,* •)) 

PAL0d430 



GO TO 94 

PAL08490 


85 

IPROD=IPROD- 1 

PAL08S00 



IF ( (lOP.EQ.P) .OR. (10 P. Eg. B. A NO, ( LP RO D ( 1 P « OD t- 1 ) ) ) 

) PAL03510 



1 WRITE (PQF, 90) rPROD,rOUT 

PAL08520 


90 

FORMATC •,I2,10(» •.4A1),* •,24Al) 

PAL08530 


94 

CONTINUE 

PAL08540 



WRITE (POF, 96) 

PAL08550 


96 

FORMAT (IX) 

PAL08560 


too 

CONTINUE 

PAL08570 



IF(I0P.N£.D) GO TO 105 

PALOBSSO 



WRITE (PDF, 101) ETX 

PAL03590 


10 1 

FORMATC ' ,Al) 

PAL0d600 



RETURN 

PALOaeiO 


105 

WRITE (POF, 1 10) 

PALOdbEO 


1 10 

FOaMAT(/, 

PAL03630 



l» LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN 

(H, P, 1) ») PAL08640 



IF(IOP,EQ.P) WaiTE(POF,m) 

PAL08650 


11 1 

FOH«AT( 

PAL0d660 



1* 0 : PHANTOM FUSE (L,N,0) 0 : PHANTOM FUSE 

(H,P, 1) •) PAL08670 



WRITE(POF, 112) IDLOW 

PAL086dO 


1 1 2 

FORMAT(/,» NUMBER OF FUSES BLOW = *,14) 

PAL0d690 



WRITE (POf , 1 13) 

PAL08700 


113 

FORMAT (//) 

PAL08710 



RETURN 

PAL08720 



END 

PAL0873Q 

c 



PAL03740 



c 



PAL08760 



SUBROUTINE HEX (LFUSE3 ,101 ) 

PAL08770 

c 


THIS SUdROUTINE GENERATES HEX PROGRAMMING FORMATS 

PAL0d7B0 



IMPLICIT INTEGER (A-Z) 

PAL0a79G 



INTEGER ITEMP (30) ,ZTABL1 (32) , ZTABL2 (16) ,ZCSUM (4) 

PAL08800 
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LOGICAL LFUSES (40,30) 

INTEGER SO H, ST X,£tX, BEL 
COttHON /LUNIT/PnS,POf ,PDF 
DATA rt/»ilV»S/«S»/^IBLANK/» •/» 

1 ETAbll/*00* 4 *0 P , , ‘03* , *0^* ♦ ‘05* , »03» , • 0>« , 

2 ‘OB* , ‘OS* , ’OA* , ‘OB* , *0C* , ‘OD*, ‘OE* , *OrS 

5 Zi:AaL2/»0*.* P,«2»,»3*>»4‘,*S‘,*6S*7*, 

DATA SOH/ZO 1 000000/, ST X/Z020000QU/, 

► ET X/ZO 300 0000/, BEL/ZO 7000000/ 

CSUtt»0 

IF (IOP,Eg,H) WRITE (PDF, 10) 

10 FOHnAr(//*80C *) *//) 

NOTE; SOME PROn PROGRAiinERS NEED A START CHARACTER. 

THIS PROGRArt OUTPUTS AN STX FOK THE OATh I/O tlODEL 9 
(USE SOH FOR HODEL 3) 

WRITE (PDF, 5) BEL,B£L,d£L,d£L, B£L,BEl,BEL,STX,SOH 
S FORMAT (• • ,9A 1) 

DO 40 1=1,41,40 
INC*I-I 

00 40 IPR0D‘«1,7,2 
00 20 J*1,2 

DO 20 IINPUT-V,40 
IH£X=0 

IsUn2*»IPROD •• J-1 » INC 

IF (LFUSES (IXNPUT,ISUn2 ^ 0 )) IH£X = IHEXM 
IF (IFUSES (IINPUT,ISUn2. •> 3 )) IHEX = IHEXf2 
IF (LFUSES (IINPUT,IS0K2 ¥ tb )) IHEX-lHEXi^U 
IF (LFUSES (ilNPUT,lSUM2 »• 24 )) IHEX»IH£XM 
IF(LFUSCS(IINPUT,ISUM2 » 32 )) IH£X«»IH£XM6 
CSUM*«CSUMHaSX 
ISUhX^^IlNPUT^ (4 0^ (J-^ i)) 

20 ITEMP (ISUftX) =LTABL1 (IHEXH) 

iF(XOP.EQ.h) WRITE (PDF, 60) ITZMP 

60 F0HMAT(4(« •i20(A2,» •)»•.••/)) 

40 rF(iOP.EQ.3) WRITE (PDF, 6 I) ITEM? 

61 FORMAT(4(» • ,20A2. • . • ,/)) 

IF(IOP,£g,H) WRITE (PDF, 70) 

70 FORMAT (//»80 (• •) ,//) 

WRITE (PDF, 30) ETX 
30 FORMAT (• • , A 1) 

C CONVERT Decimal check sun into hex check sum 

DO dS 1*1,4 

2tEMP*C 3UM- 16» (CSUd/ 16) 

ZC sun (5-1) -2TABL2 (ZTErtPf 1) 

CSUM*CSUM/1b 
35 CONTINUE 

/ IF(ZCSUM(1) ,Eg,2TAt5L2(l)) ZCSUM ( 1) *IBLANK 

white (PMS, 90) 2CSUM(1) , 2CS0M(2) ,ZC3UM(3) ,2CSUM(4) 

90 rOHHAT(/,» HEX CHECK SUM * ••4A1) 

RETURN 

END 
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flit 

: PAL2t| 

FORTRAN A NSC TIME SHARING SERVICES VH/SP RELEASE 

2.0 

C 4C « ipE 4t « « ♦ « « « <C « « « 4c « ♦ ♦ « 4t « 4c 4t 4^ 4t « » 4c )9C 4c 4c 4c ^ « « 4c « « ♦ « P A L 0 S 3 6 0 

C 



PAL09370 


BLOCK 

DATA 

PAL09380 


IBPLICiX IMTEGKR (A-2) 

PAL09390 


COiinON /BLK/ PaaXiOCiO, IL) ,PaODQ(a, 11) ,PRODLN(4p,7) 

PAL09400 


DATA 

paaxio/ 

PAL09410 


1 

4, 4, 4, 4, «*, 4, 4, 1*, M, 4, 

PAL09420 


2 

3, b, 5, 5, 5, 5, 5, b, 6, 3, 

PAL09430 


3 

3, 3, 7, 7, 8, a, 7, 7, 3, 3, . 

PAL09440 


4 

3, 3, 3, 9, 10, 10, 9, 3, 3, 3, 

P*t09i*b0 


5 

3, 3, 3, 3, 1, 1, 3, 3, 3, 3, 

PAL09450 


6 

2. 2, 2, 2, 1, 1, 3, 3, 3, J, 

PAL09470 


7 

11,11,11,11,11,11,11,11,11,11, 

PAL0948U 


a 

11,11,11,11,11,11,11,11,11,11, 

PAL09490 


9 

11,11,11,11,11,11,11,11,11,11, 

PAL09500 


A 

11,11,11,11,11,11,11,11,11,11, 

PAL09510 


B 


PAL09520 


C 


PAL09S30 


0 


PAL09b40 


£ 


PAL09bb0 


DATA 

PROD6/ 

PAL09560 


1 

1. U It It Vt i, 

PAL0957U 


2 

2,2, 2, 2, 2, 2, 2,2, 

PAL09b80 


3 

3, 3, 3, 3,3. 3, 3,3, 

PAL09b9U 


4 

*lt‘^t'lt^t^t'3,3,3. 

PAL09b00 


5 

3, 3, 3, 3, 3, 3, 3. 3, 

PAL09610 


6 

5, 5, 5, b, 3, 3,3,3, 

PAL09620 


7 

6tb,&,6,3, 3,3, 3, 

PAL09630 


8 

6. b, 3, 3, 3, 3, 3, 3. 

PAL09640 


9 

3, 7, 7, 7, 7, 7, 3, 3, 

PAL096b0 


A 

7t7,^T,3t3,3.3, 

PAL09660 


B 

1, 1, 1, 1,3,3,3.3/ 

PAL09b70 


DATA 

PRODLN/ 

PAL09660 


1 

40<'1riX, 

PAL09690 


2 

UO'O'IHP, 

PAL09700 


3 

40»laN, 

PAL097 10 


4 

b4c IHX , 2'J' IriP, 2<' 1HX, 2^ IHP, 2<‘1HX, 2’«'1HP, 2* IHX, 

PAL09720 


4 

2«lriP,2«lHX,2»lHP,24'lHX,2«'lHP,24c|HX,2<'lriP, 

PAL09730 


4 

2»lriX,24c IhP,44c IHX, 

PAL09740 


5 

104c|HX,2’>lHP,2«1ilX,2<^lHP,2»lHX,2«IHP,24‘lHX, 

PXL09750 


S 

2<‘ IHP,2* 1HX, 2« lap, 2« IHX, 24c IH?,8 4 c1hX, 

PAL09760 


t> 

14* tax, 2«' 1HP,2* IrfX, IriP, 2« IHX, 2* lHP,24c IHX, 

PAL09770 


b 

iOlHP, 1 2* IHX, 

PAL09780 


7 

18<' lax, 2* 1HP, 2« 1HX,2«1HP, 16« lax/ 

PAL09790 


EHD 


PAL09800 

c 



PAL09810 

C >4 4c ♦ 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4C 4c 4c 4t 4c 4c 4c 4> « 4c 4c 4c 4c 4c 4c 4c 4c «« 4c 4c 4c 4c « 4c 4c 4c 411^ 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4: 4c 4c ^ ^ 4c 4c 4c 4c 4c 4c 4c P A L 0 9 6 2 0 

C 



PAL09830 


SUBROUTINE T NE EK ( iT ^ P£ , L FUSES) 

PAL09840 

c 

THIS 

SUBROUTINE TbEEKS LFUSES (THE PROGRAHniHG FUSE PLOT) 

PAL098SO 

c 

Foa 

HIGH AND LOW PHANXOH FUSES 

PAL09860 


lilPLICIT INTEGER (A-Z) 

PAL09870 


LOGICAL LFUSES (40,a0) , LBLANK , LLEIT, LAND , LOB, LS LASH, 

PAL09880 


1 

LEOU AL, LRIGHT.LXOR 

PAL09890 


COHflON LBLANK , LLEFT, L A N D , LOH , L3 L AS H , L U A L , L B IGHT , LXOR 

PAL09900 
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FILE: 
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2.0 



COrtttON /BLK/ PB8X 10 ( 10 , 14) , PKOOa (B , 1 1) ,PRODLN (40, 7) 

PAL09910 



DATA P/*P*/.N/»NV 

PAL09920 



FUSPTR= 1 

PAL09930 



DO 30 OUTPUT^: 1,10 

PAL09940 



GRTYPE^PaBX 10 (OUTPU T , IT Y PS ) 

PAL09950 



DO 30 ?RLINE=l,d 

PAL099B0 



LNiyPE^PRODB (paLINE,GRTYP£) 

PAL09970 



DO 20 COL=1,40 

?AL0998a 



IF (PHODLN (COL, LNTYPE) ,£0.P) 

PAL09990 



1 LFUSES (COL, FUSPTR) =.THUS, 

PAL 10000 



IF (PRODLN (COL,LNTyPB) .EO.N) 

PAL 100 10 



1 LFUSES (COL, FUSPTR) = , FALSE, 

PAL 10020 


20 

CONTINUE 

PAL 10030 



FUSPTRaFUSPTHU 

PAL 10040 


30 

CONTINUE 

PAL 10050 



RETURN 

PAL 10060 



END 

PAL 10070 

c 



PAL 10080 


C 



PALlOlOO 



SUBROUTINE B I N R ( L FUS ES , rt , L) 

PAL 10 1 10 

C 


THIS suaaouriNE generates binary phograhming forhats 

PAL10120 



laPLICIX INTEGER (A-Z) 

PALIOUO 



INTEGER ITEMP (5, 10) 

PAL 10 140 



LOGICAL LFUSES (40, BO) 

PAL 10150 



COtt.lON /LUHIT/ pas, POP, PDF 

PAL10160 



WRITE (PDF, 10) 

PALIO 170 


10 

F03nAi(//,' .'.//) 

PALIOIdO 



DO 20 1=1,41,40 

PAL 10 190 



INC=I-I 

PAL10200 



DO 20 IPROD=l,e 

PAI.I02I0 



DO 20 J= 1 , 3 1, 10 

PAL10220 



DO 15 K= 1, 10 

PAL 102.30 



IINPUT = Ji-K- 1 

PAL10240 



ITEnP(l,K)=L 

PAL 10250 



ITEHP (2,K) =L 

PAL 10260 



IT£MP(3,K)=L 

PAL 10270 



ITEMP (4,K)=L 

PALl02d0 



ITEnP(5,K)=L 

PAL10290 



ISUa3=IPHODfrINC 

PALtoaoo 



IF (LFUSES (IINPUT,ISUtt3 ► 0 )) ITERP(5,K)=H 

PAL10310 



IF (LFUSES (IINPUT,ISUtt3 ► B )) IT£MP(4,K)=H 

PAL10320 



IF (LFUSES (IiNPUT,ISU«3 > Ifa )) ITEM?(3,K)=H 

PAL10330 



IF (LFUSES (IINPUT,I3Ui43 ^ 24 )) ITEaP(2,K)=H 

PAL 10340 



IF (LFUSES (IIN?UT,iSUH3 ► 32 )) ITEttP(l,K)=H 

PAL10350 


15 

CONTINUE 

PAL10360 


20 

WHITE (PDF, 30) ITEftP 

PAL10370 


30 

FOBaAT(» • , 10 ('a* ,5A 1 , • F »)) 

PALIOidO 



WRITE (PDF, 10) 

PAL10390 



RETURN 

PAL10400 



END 

PAL10410 

c 



PAL 10420 

C;;4i4i]jit«:Cc4c<cj(c^4cit(:^3g(i4iijc«]}(«4c4eJtc](t<[]^;^4[:C(4(4c««^4(^>9t4c«3Cc«jOi<c«<(«4t^4c4t4c>4c4ci^4i4(4c]$c4(4t«t4c«<i)«i<i4c:0ciC()(t«4c«(PAL 10430 

C 



PAL10440 



SUBROUTINE SLIP (LFUSES , iSBPRO , ITYPE, IBLOW) 

PAL10450 
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FILK: PAL24 roSTEAN A NSC SHARING SERVICES VH/S? RELEASE 2 

.0 

C 

THIS SUaaOUTIME HILL BLOW THE ENTIRE CONDITIONAL THREE-STATE 

PAI.10460 

C * 

PRODUCT LINE WHEN 'IFCVCC)* CONDITION IS USED FOR THE 

PAL 10470 

C 

CORRESPOND! KG OUTPUT PIN 

PALl04d0 


IMPLICIT INTEGER (A-2) 

PAL10490 


INTEGER lENABL (10, 14) 

PAL10500 


LOGICAL LFUSES (40,80) 

PAilOSIO 

c 

I^ENABLED OUTPUT. 0*ANYTH1MG ELSE FOR THAT OUTPUT 

PAL10S20 


DATA lENABL/ 

PA1.10530 


1 0,0, 0,0, 0,0, 0,0, 0,0, 

PAL10540 


2 0,0, 0,0, 0,0, 0,0, 0,0, 

PAL10550 


3 0,0, 0,0, 0,0, 0,0, 0,0, 

PAL10S60 


4 0,0, 0,0, 0,0, 0,0, 0,0, 

P*110570 


S 0,0, 0,0, 0,0, 0,0, 0,0, 

PAL105B0 


6 0,0, 0,0, 0,0, 0,0, 0,0, 

PAL 10590 


7 ), 1.1. «,«,», 1,1, 1,1, 

PAL10600 


CD 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

PAL 10610 


9 l,0,0,0,0,0,C,0,0, 1, 

PAL10620 


\ 1, 1, 1,0, 0,0,0, 1, 1 , 1, 

PALI0830 


B 0,1, 1,1, 1,1, 1,1, 1,0, 

PAL10640 


C 0,0,0 ,0,0, 0,0, 0,0,0, 

PAL106S0 


D 0,1, 0,0, 0,0, 0,0, 1,0, 

PAL 10660 


E 0,1, 1,0, 0,0,0, 1^1,0/ 

PAL 10670 


lOUT- (r88?R0-1)/dH 

PAL 10680 


IF (IENA3L (lOUT , IT Y P £) . E Q . 0) RETURN 

PAL10690 


DO 10 I=*l,40 

PAL10700 


IBLOW - IBLOH > 1 

PAL107I0 


10 LFUSES(I,I8aPR0) * .TRUE. 

PAL10720 


I88PRO a l8dPR0 I- 1 

PAL10730 


RETURN 

PAL 10760 


END 

PAL 10750 

c 


PAI10760 


C 


PAL 10780 


SUBROUTINE FANIQM (ITY?E,I0P, lOUT, IPaOD,l8PflO) 

PAL10790 

c 

THIS SUBROUTINE UPDATES lOUT (THE PRINTEDFOSE PLOT) 

PAL lOBOO 

c 

FOR HIGH AND LOW PHANTOM FUSES 

PALlOeiv) 


IMPLICIT INTEGER (A-Z) 

PAL10820 


INTEGER IOUX(64) 

PALIOBSO 


LOGICAL LBLANK, LL EFT , LAND , LOR , LSL ASH , LEg UAL , LR IGHT, LXOR 

PAL10640 


COMMON LBLANK , LL EFT , L A N D , LOR , LSL AS H , LE Q U AL , L HI GHT , L XOR 

PALIOBSO 


COMMON /BLK/ P R8 X 1 0 ( 1 0 , 1 4) , PR0D8 (B , 1 1 ) , P RODLN (4 0 , 7) 

PAL10860 


DATA N/» NV# Vf LOFANT/*0*/»HIFANT/»0*/#IBLANK/» »/ 

PAL10870 

c 

GET OUTPUT GROUPING 

PALIOedO 


OUTPUT^ (IPfiOO- l)/B^ 1 

PAL 10890 


GRTY?E=PR3X 10 (OUTPUT, ITYPE) 

PAL 10900 


LNTYPEsPRODd (IdPHO, GRT YPE) 

PAL10910 


DO 10 COL=s 1,40 

PAL10920 


IF( PR0DLN(C0L,LNTYPE) .Ew.P.AND.IOP.EQ.P ) lOUT (COL) »aiFAMT 

PAL 10930 


IF( PR0DLN(C0L,LNTYPE) ,£Q.P. AhD.lOP, Eg.B ) lOUT (COL) -IBLANK 

PAL10940 


IF( PRODLN(COL,LNrYPE) .EQ.N ) lOUT (CO L) «L0FA NT 

PAL10950 


10 CONTINUE 

PAL10360 


RETURN 

PAL 10970 


END 

PAL1O9B0 

c 


PAL10990 

C « «C 4t « <( 4( ♦ <t « « 4> 4t J»( 4e ♦ « 4 e ^ 4c « « « 4( 4( 4c « « « ♦ >e( « IG( « « 4> )N IN >«( 4( <( >ti <1 «( « « « 4( 0 « « 4i ♦ « 0 ♦ « 4c « 4t 

♦ 4C4CPAL11000 
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c 



PALI 1010 



SUBROUTINE 10002 

PAL 11020 


« THIS ROUTINE IS OPTIONAL, IT WAY BE USED TO TURN PERIPHERALS ON 

PAL11030 



IMPLICIT INTEGER (A-Z) 

PAL 11040 



INTEGER BEL,DC2 

PAL11050 



COMMON /LUNIT/ P«S,POF,PDF 

PAL 11060 



DATA BEL/Z07000000/, DC2/Z22000000/ 

PAL 11070 



WRITE (PDF, 10) DC2,BEL 

PALI 1080 


10 

FOaWAT(» *,2A1) 

PAL 11090 



RETURN 

PAL 1 1 100 



END 

PALiniO 

C 



PAL 1 1 120 


c 



PAL 11140 



SUBROUTINE I0DC4 

PALinSO 

THIS HOUriNE iS OPTIONAL, IT MA)f BE USED TO TURN PERIPHERALS OFF 

PALI 1 160 



IMPLICIT INTEGER (A-Z) 

PALI 1 170 



INTEGER BEL,0C3,DC4 

PAL1118U 



DATA BEL/Z0 7 00000 0/, DC 3/Z 2 3 0000 00/ , DC4/Z24000000/ 

PAL 11190 



WRITE (PDF, 10) BEL,DC3,0C4 

PAL 11200 


10 

FOaWAT(» •,3A1) 

PAL 11210 



RETURN 

PAL 11220 



END 

PAL 1 1230 

C 



PAL 1 124 0 


C 



PAL 1 1260 



SUBROUTINE TEST ( L PH AS E , LfiU F , T IT LE , IC , I L , ILE , I S YM , IBU F , IT Y P E , 

PAL 11270 



1 IPCTR, LERR, ISAF,iPCTfi 1, L3A1 1, LSAO 1) 

PALI 1280 

c 


THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION 

PAL 1 1290 

c 


AND GENERATES TEST VECTORS 

PALlliOO 



IMPLICIT INTEGER (A-2) 

PAL 11310 



INTEGER IS YM (8 , 24) ,ISYM 1 (8,24) , IBUF (B,24) , IVECT (24) , IVECTP (24) , 

PAL 11320 



1 ISTATE (24) ,151 ATT (24) ,IPIN (24) .TITLE (80) , IPCTR 

PAL 11330 



LOGICAL LBLANK , LL £ F T , L A N D , LOR , LSLAS H , LEQU AL , LR IG HT , LXOR , LS AM £ , 

PAL 11340 



1 XORFND, LERR, LP BASE (24) ,LPH AS 1(24) ,LBUF(24) , LOUT (2 4) , 

PALn350 



2 LOUTP(24} , LCLOCK,LPTRST,LCTRST, LENABL (24) ,NREG, 

PAL11360 



3 LSAn,LSAl2,LSA0 1,LSA02 

PAL11370 



INTEGER BEL 

PAL11380 



COMMON LBLANK , LLEFT, LAND, LOH.LSLASH.LEQ UAL, LHIGHT, LXOR 

PAL11390 



COMMON /PGE/ IPAGE (80, 200) 

PAL11400 



COMMON /LUNIT/ PMS,POF,?DF 

PAL11410 



COMMON /FTEST/ 1 FU NCT , I DESC , I £N D 

PALI 1420 



DATA IuASH/»-»/f L/*L*/f H/Mi«/tX/»X*/#C/*CV»Z/*ZVf H0/»0V, 

PAL11430 



1 Nl/*l»/fERR/*?V. IBLANK/* VfCOrtENT/* ; »/ 

PAL11440 



DATA b£L/Z07000000/ 

PAL 11450 

c 


PRINT AN ERROR MESSAGE IF NO FUNCTION TABLE IS SUPPLIED 

PAL 11460 



IF (IFUNCT. NE.O) GO TO 3 

PAL11470 



WRITE (PMS, 2) 

PAL 11480 


,2 

FOaMAT(/,» FUNCTION TABLE MUST BE SUPPLIED IN ORDER 10 PERFORM*, 

PAL 1 1490 



1 • SIMULATION*) 

PAL1I500 



RETURN 

PAL 11510 

c 


PRINT TITLE 

PAL11520 


3 

IF ( (, NOT.LSA 11) .AND. (, NOT. LSAO 1) ) WRITE (POF,4) TITLE 

PAL 11530 


4 

FORMAT (/, * * ,80 A 1 ,/) 

PAL 11540 

c 


INITIALIZE LERR (FUNCTION TABLE ERROR FLAG) TO NO ERROR 

PALI 1SS0 
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LEHR* , FALSE. 

C INITIALISE HERR (NUJ1BE8 OF FUNCTION TABLE ERRORS) TO NO ERROR 

NER8=0 

C SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUBN 0 

C AND IFUNCr f \ 

IC^O 

IL=IFUNCT f \ 

C INITIALISE SAI/SAO PARAflETERS 

I?CTR3=0 
IEwN=0 
IPCTR=0 

C INITIALISE ITRST (THREE-STATE ENABLE FUNCTION TABLE PIN NUHBE 

ITRSr=U 

C HAKE A DUMMY CALL TO INCH 

CALL INCa(IC,IL) 

C GET THE FUNCTION TABLE PIN LIST (UP TO 22) 

C GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE 

DO 10 1^1,23 

CALLG£TSYM(LPriASl,ISYMl,I,IC,IL) 

DO S a= 1 , 6 

5 I8UF (J, 1) =I5YM I (J, I) 

IF (IBUF (3, 1) .EW.IDASH) GO TO 12 
CALL MATCH (iMATCHjIBUFelSYM) 

IF (IMATCH, NE.O) GO TO 7 
«HITE(PMS,6) (iBUF(J, 1) ,J=I,B) 

6 FOKMATC/,* FUNCTION TABLE PIN LIST ERROR AT » , 8A1) 

RETURN 

7 LOUT (I) =, FALSE,, . 

ISTATT(I)=X 

iyECT?{I)=X 

C IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK ANC 

C enable pin in FUNCTION TABLE PIN LIST 

IF ( .NOT, {ITYP£.EQ.B,0R,ITYP£,£g,9.0H.ITYPE.£U. 10, OR, 

1 ITYPE.Eg, 12.0R,ITYPE.EQ. 1 3 . OS , IT Y P£ . £Q . 14) ) 


iCLOCK^rl 

ITRST=I 


FOR THE FUNCTIONAL TEST HAVE BEEN READ IN 


IF (IMATCH.Ew>, 1) 

IF(IMATCH.Eg.13) 

10 IPIN (I) =IMATCH 
C ALL SIGNAL NAMES 

C ADJUST COUNT 

12 IMAX=*r-1 
NV£Cr=0 
c 

C«^*«*STAHT OF MAIN LOOP FOR SIMULATION*^^*** 

C 

C 

90 I?CTR2=0 
I£gN*0 
IPCTH3=0 
LSA 12=*. FALSE. 

LSA02=. FALSE. 

C 

NYECT*NV£CTf 1 

IC1=*0 

IL1=*1LE 

C GO PASSED COMMENT LINES 


PAL11560 
PAL 11570 
PAL11580 
PAL 11590 
PAL116()0 
PALI IblO 
PAL 11620 
PAL 1 1630 
PAL11640 
PAL11650 
PALI 1660 
NUMBER) PAL11670 
PAL11600 
PALI 1690 
PALIUOO 
PALllTiO 
PAL 1 172C 
PALll 730 
PAL 1 1 740 
PAL 11750 
PALI 1760 
PALn770 
PAL 11780 
PAL 11790 
PAL 11800 
PAL11810 
PAL11820 
PALIISSO 
PALI 1840 
, PAL 11850 
THREE-STATEPAL 11860 
PALH87U 
PAL 11880 
PAL11890 
PAL 1 1900 
PAL 11910 
PAL 1 1920 
PAL11930 
PALn940 
PAL11950 
PAL 11960 
PALI 1970 
PALI 1980 
PAL 11990 
PAL 120()0 
PAL12010 
PAL12020 
PAL12030 
PAL 12040 
PAL 12050 
PAL12060 
PAL 12070 
PALr20B0 
PAL12090 
PAL 12100 


GO TO 10 
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23 

IF (IPAGE ( 1 , IL) , NE. COGENT) GO 10 24 


P A L 1 2 1 1 0 



IL = ILM 


PAL 12 120 



GO TO 23 


PAL 12130 


24 

CONTINUE 


PAL12140 

c 


GETS VECTORS FROM FUNCTION TABLE 


PAL12 150 



DO 20 1= 1 , IMAX 


PAL12160 



r F (IPAGE (iC , xL) , Ev^ . I5LANK) GO TO 21 


PAL 12170 



GO TO 22 


PAL 12180 


2 1 

1C=ICH 


PAL12190 



IF (IPAGE (IC, iL) . Ev. iBLANK) GO TO 21 


PAL 12200 


22 

IVECT {£) =rpA'JE (iC, IL) 


PAL 12210 



IC=IC I- 1 


PAL 1 2220 


2U 

CONTINUE 


PAL 12230 

c 


ADVANCE LINE COUNT TO SKIP FUNCTION TABLE COMMENTS 


PAL 1 2240 



IL = IL*- 1 


PAL 12250 



IC= 1 


PAL 122{)0 



IF (IVECT ( I ) . £Q , I DASH) GO TO 05 


PAL 12270 

c 


CHECK FUR VALID FUNCTION TABLE VALUES (L,H,X,Z,C) 


PAL 12280 



DO n I=1,IMAX 


PAL 12290 



IF ( IV EC T (I) , Eg, L. OR . IV ECT (I) . Eg , H . 0 h , i V EC T ( I) . Eg . X.OR , 


PAL 12300 



IVECT (I) , Eg, 2, OR , IVECT (I) , Eg ,C) GO TO 11 


PAL12310 



WeITE (PMS , 8) I VECr (I) , N VECT 


PAL 12320 


8 

FOH«Ar(/»* IB NOT AN ALLOWED FUNCTION TABLE ENTHX 

1 

r 

PAL 12330 



' IN VECTOR » ,13) 


PAL 12 340 



RETURN 


PAL12350 


1 1 

CONTINUE 


PAL 12360 

c 


INITIALIZE CLOCK AND THREE-STATE ENABLE FLAGS 


PAL 1 2370 



LCLOCK=, FALSE. 


PAL 12380 



LCTRST=, TRUE . 


PAL 123S0 



LPTHST^ . TRUE . 


PAL 12400 



DO 13 1=1, IK AX 


PAL 124 10 


1 3 

LENABL(I)=,rRUE, 


PAL1242Q 

c 


INITIALIZE NRSJ (NOT REGISTERED OUTPUT) TO FALSE 


PAL 12430 



HREG=, FALSE. 


PAL 12440 

c 


INITIALIZE ISTAIE ARHAI TO ALL X»S 


PAL 12450 



DO 15 1=1,24 


PAL 12460 


15 

ISTAXE (I) =X 


PAL 12470 

c 


CHECK IF This PAL TVPE HAS REGISTERS 


PAL124aO 



IF( .NOT, (ITVPE.Ew.B.Oa.lTXPH.EO.S.OH.IXVPE.Eg, lO.OR, 


PAL12490 



ITYPE.Eg, l2,OH.rXVPE,EQ, l3.0a.ITYPE,£g, 14) ) GO TO 25 

PAL 12500 

c 


CHECK CLOCK AND THREE-STATE ENABLE PINS AMD CHANGE FLAG IF 

NEEDED 

PAL 12510 



IF (IVECT (ICLOCK) .EQ.C) LC LOC S = , TRU E , 


PAL12520 



IF (ITRST. Eg. 0) GO TO 25 


PAL 12530 



LSAKE=( ( LPHASE ( 1 i) ) , AND. ( LPH A 3 1 (ITR S T) ) . 0 R , 


PAL 12540 



(, NOT. LPHASE ( 13) ) , AND, (. NOT, LPHAS 1 (ITRST) ) ) 


PAL 12550 



IF ( IVECT (ITRST) . Eg.L. AND. (, NOT. ISAM £) .OR, 


PAL12560 



IVECT (ITRST) .Lg.rt, and. ( LSAME) ) LPTR S T = , F A i 3 E , 


PAL 12570 



IF(LPTasr) GO TO 25 


PAL12580 

c 


DISABLE REGISTERED OUTPUTS IF APPROPRIATE 


PAL 1 2590 



DO 4b 1=1, lilAX 


PAL12600 



J=1PIN (I) 


PAL12610 



IF(J.Eg. i7,QR.J,Eg. 18, OR. J. Eg, 19, OR. J, Eg. 2 0) LENAbL(I)=, 

FALSE, 

PAL12b2C 



IF ( (ITVPE, £Q . a.OR.ITYPE, Eg. 9.0R, IT ifPE.Eg. I 2,OR. 


PAL 12630 



ITYPE.Eg,l3),AND.(J,Eg,l6.0R,J,Eg,2l) ) LSNA3L(I)=, 

FALSE, 

PAL1264U 



IF( (irYPE,Eg,6,0R,ITYP£,Eg,9.0R,lTY?E.Eg,12),AND, 


PAL12650 
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i (J,£g, 15.0K.J.EQ.22) ) LE N A B L ( I ) = , F ALS S , 

IF( ITYP£,£Q.B,AND,(J.£O.I4.0R.J,£Q,23) ) L£HABL(I)=. FALSE. 
46 CONTINUE 
C 

C<t«^««5CAH laaOUGH THE LOGIC £gU ATIONS>5'<'« 

c 

C ftAKE A DUHWY CALL TO INCF 

25 CALL INCH (IC t , IL 1) 

26 CALL GETSin(LaUF,IBUF, I,1C»,1LI) 

IF(LLEFT) GO TO 25 

27 IF (.NOT.LEQUAL) GO TO 26 
C 

iF(L£QUAL) IE^N = IEoNM 
C 

C EVALUATE CONDITIONAL Trih££-3TAT£ PRODUCT LINE 

29 IF(L2<2UAL) GO TO 3b 
NREG=,TRUE, 

33 CALL GSTS)ffl(LBUF,iBUF, i.ICl.ILl) 

CALL flATCH (IINP.IBUF, ISYfll) 

C CHECK FOR GNU, VCC, /GND, OH /VCC IN CONDITIONAL THREE-STATE 

C PRODUCT L1N2 

IF(ItNP,N£,0) GO TO 32 
CALL WATCH (Ii1ATCH,I3UF,ISYrt) 

ILL=ILI 

IF ( IWATCH ,£2. 12, AND, (LHU F ( I ) ) . OR , 

1 IHATCH.E'2, 24. AND. (.NOT.LBUF (1) ) ) LCTRST=, FALSE, 

IF( IINP.Sg.O, AMD.ifiATCH.NE, 12,ANU,I«ATCH,NE, 24 ) GO TO 100 
GO TO 34 

32 ITEST = IVi:CT (IINP) 

IF ( ITEST , £2. L . AND, ( L Pd AS 1 (I I NP) ) . A ND , ( LBUF ( 1) ) 

I. OR, ITESr .Sg.H.AND, ( LPH AS 1 (II NP) ) , A ND , ( , NOT , LBU F ( I ) ) 

2.0R , ITSSr , EQ. a, AND, (.NOT.LPH AS 1 (IINP) ) , AND. ( L3UF( I) ) 

3. OR, ITKST.Eg, L. AND, (.NOT. LPH AS I (IINP)) .AND. ( , NOT , LB U F ( I ) ) 

4 ) LCTH5T=, FALSE, 

IF (ITEST. £^, X.OR. IIEST , Ev.Z) LCThST= , FA LSE, 

34 IF(LAND) GO TO 33 
GO TO 27 

C 

C EVALUATE THE LOGIC EQUATION 

C 

C FIND PIN NUW3ER OF THE OUTPUT VECTORS 

C 

35 IPCTa3=0 
C 

CALL WATCa(IOUIP,I8UF,XSYnl) 

C FLAG FOR UNREGISTERED OUTPUTS 

CALL MATCH (lOUX.ieUF.ISYK) 

IF (ITYPE.LE, 7,0R.1TYP£.£Q. 11) NREG^.TRUE, 

1F( (ITYPE.EQ.9.0R.ITYPE.EQ, 1 0) . AN D , ( lOU T , EQ , 1 4 , OR , lOUT , EQ , 2i) ) 

1 NHEGs.TSUE, 

IF( (ITYPE.EQ, lO.OS.ITYPE.EQ, li.OR.ITYPE.EQ, 14) .AND, 

1 (XOUT.EQ, Ib.Ofi. lOUr.EQ, 22) ) NREG^.TRUE, 

IF ( ( IT YP E. EQ. ID. UR. IT YPE.EQ, 14) , AND, (TOUT, EQ, 16, OH, lOUT, EQ, 21) ) 
1 NHEG=,TaU£, 

ILL=IL1 


PAH2660 
PAL 1267D 
PAL12680 
PAL 12690 
PAL 12700 
PAL 1 27 10 
PAL 1 2 720 
PAL 1 2730 
PAL 12740 
PAL127S0 
PAL12760 
PAL 12770 
PAL I 278j 
PAL 1 2790 
PAL 12800 
PAL 12810 
PAL 12820 
PAL12830 
PAL 12840 
PAL 12850 
PAL12860 
PAL12870 
PAL 12880 
PAL 12890 
PAL12900 
PAL 129 10 
PAL 12920 
PAL 12930 
PAL 12940 
PAL 12950 
PAL 12960 
PAL12970 
PAL 12980 
PAL12990 
PAL 13000 
PAL 1301u 
PAL 13020 
PAL13030 
PAL 1 3040 
PAL13050 
PAL 1 3060 
PAL 13070 
PAL 13080 
PAL I 3090 
PALI 3 100 

PAL 13 no 

PAL 13 120 
PAL 13 130 
PAL 13 140 
PAL13150 
PAL 13 160 
PAL 13170 
PAL 13 160 
PAL13 190 
PAL13200 
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C 

c 


c 


c 


c 


c 


c 

c 

C 

c 


IF (lOUTP, EQ, 0) GO TO 100 
IF(NREG) LENAflL (lOUTP) =LCrRS r 
LOOT (lOUTP) ^.TKUE. 

iF( .NOT.LCTRST ) LOU T ( lOU TP) = . F ALS S , 

LCTaSX = ,TrfUE . 

LOUTP(IOUrP) =LLiUF(l) 

DETERrtiNE PRODUCT fERrt AND EVENTUALLt SUn FOR OUTPUT KEEPING 
TRACK TO SEE IF AN XOH (EXCLUSIVE OR) HAS BEEN FOUND 
XOaSJi*1 = H 
XaRFND=. FALSE. 

ISUM=L 

28 IPCTR2 = I?CTH2H 
IPCTR'i^IPCTR 31* I 
IPCl'R^IPCTR*- 1 


I?ROD=H 
iO ILL^ILl 

CALL GETS^«(LBUF,iBUF, l,ICl,ILi) 

CALL JlATCtl (IINP, IBUF, ISXn I) 

IF (IINP.NE.O) GO TO 47 
CALL flATCn (lttATCH,IBUF,ISXM) 

IF(IrtA7CH,NE, 12.AN0,rUArCH.NE,24) GO TO lOo 
TWEEK FOR GND AND VCC IN PRODUCT LINE 
IF (IMATCh. 12) 1T£5T = L 

IF (IdATCH,£Q.24) irSST = rf 
IINP=23 

LPHAS 1 (23) =, TRUE, 

GO TO 37 

47 IT£Sr = XVECT (IIN?) 

GET REGISTERED FEED BACK VALUES 
IF(NREG) GO TO 37 

CALL HATCH (IIFd,IBUF, ISXM) " 

IF ( (ITXPE.£,^,U.0R.irXP£.E^,9.0R.irXPE,Ey. lO.OR.ITYPE.EQ, 12,OR. 

1 ir^PE.EQ, I i.Oft.IlXPE.Ew. 14) . AND, (IIF8,Bv=. W.OH.IIFB.Sg, 18,OH 

2 IIFB,Ei2. 19 ,OR.IIFB,£v^.2'J) ) IT EST^I V ECTP ( II N P) 

IF ( (irYP£,E'2,ci,Oh, ITYPE.Eg.S.Ort, ITlfPE.Eg, 12,0a,IXY?E,E'2. U) .AND, 
1 (ilFH.Eg, lo,0R,IIFB,£»^,21) ) IT EST= I V ECTP (I I NP) 

rF( (ITYPE, £w,8,OR,irYP£,EQ, 9,Oa.ITY?E,EQ,12) , AND, 

I (IIFB,£0. 15,OR.IIFfa,E0.22) ) ITSST=i V ECTP ( II NP) 

IF(^ ITY?E.£g,b,AND.(IIFb.£Q,l4,oa,IIFrf,Ey,23) ) 

I ITEST=1VECXP (IIxNP) 

37 IF (ITEST, £Q,X,OR,iTE3T, EQ,Z) ITEST^L 

IF( IT£Sr,EQ,L.AND, ( LPH AS I (II NP) ) . AND, ( LBUF(I)) 

1,0R, XrE5r.£g,ri, AND. ( LPHAS 1 (II NP)) .AND, ( . NOT . L BU F ( 1 ) ) 

2,OR , IT ESI , Eg.H, AND, (, NOT .LPHAS I ( li N P) ) . AND , ( LBUF ( 1) > 

3, OR. ITESr.EO, L. AND. (.NOI.LPHASI (I I N P) ) . A ND , ( . N OT , L BU F ( I ) ) 

4 ) IPaOD=L 

IF ( (iPCTH2, Eg, IPCTR I) , AND , (LSA H) ) GO TO 110 

38 IF(LANO) GO TO 30 

IF ((IPCTR2.EQ,IPCrHl) .AND. (LSAOl)) GO 10 120 


PAL 13210 
PALI 3220 
PAL 13230 
PAL 13240 
PAL13250 
PAL 13260 
PAL 13270 
PAL 13280 
PAL 13290 
PAL13300 
PAL 13310 
PAL 1 3320 
PAL 1 3330 
PAL13340 
PAL 1 3350 
PAL 13 360 
PAL 1 3370 
PAL 13380 
PAL 1 3 390 
PAL 13400 
PAL134 10 
PAL 1 3420 
PAL 13430 
PAL 13440 
PAn 3450 
PAL13460 
PALI 3470 
PAL 1 3480 
PAL 13490 
PAL 13500 
PAL13510 
PAL 13520 
PAL 13530 
PAL 13540 
.PAL 13550 
PAL 1 3560 
PAL13570 
PAL13580 
PALI 3590 
PALI 3 600 
PAL13610 
PALlib20 
PAL 1 3630 
PAL 1 3640 
PAL 13650 
PAL13660 
PAL13670 
i'AL13680 
PAL 13690 
PAL13700 
PAL137ia 
PAL13720 
PAL 13730 
PAL 13740 
PAL137S0 
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121 IF (ISUH.EQ, L, AND.IPROD.EO.X) ISU«=X 

IF( (ISUR.NE.H) .AND.IPROC.Eg.H ) ISUn=ri 

CHECK FOR XOR (EXCLUSIVE OH) AND SAVE INTERMEDIATE VALUE 
IF (.NOr .LXOR) GO TO 3 1 ^ 

X0£<SUM = 1SU« 

XOHFND^. THUK . 
iSUM=L 
GO TO 2b 

31 ir(LOa) GO TO 28 
lPCTa3=0 

IF END OF EyUATION HAS DEEN FOUND, DETSHMINE FINAL SUM AND SAVE 

IF (.NOT.XJRFND) I3TAT1 (lOUTP) =1SUM 

IF ( (XORFND) , AND. ((ISUM.EO.L. ANO.XORSUM.EQ.L) .OH. 

1 (ISUM.EQ.H, AND.XORSUrt, EQ.H) ) ) 13 I A TT ( lOU TP) « 

IF ( (XORFND) .AND. ( (IS U « , EQ , H . AN D , XO H SU M , EQ , L) .OR, 

1 (ISUn.E^.L, AND.XOHSUM.E w.H) ) ) ISTATT (lOUTP) * 

ir( (XOHFND) , AND. (IS UM . Eg . X , 0 H . XORSGM.EQ.X) ) 1ST ATT ( lOU TP) = 
REGISTER DOES NOT CHANGE STATE IF NO CLOCK PULSE IS RECEIVED 
IF( (LCLOCK) .OR. (NREG) ) GO 10 3b 

LSAttE = ( ( LOUTP (lOUTP) ). AND. ( L PH AS 1 ( lOUTP) ) , OH , 

1 (, NOT, LOUT? (lOUTP) ) .AND, (.NOT.LPHASI (lOUTP)) ) 

IF( IVECT? (lOUTP) , Eg. L. AND, ( LSAME) ) ISTATT (IDUTP) =L 

IF( IVECTP (lOUTP) .Ev.H.AND. ( LSAME) ) 

IF( IVLCfP(IOUrP) .Eg.L.AND. (.NOT.LSAttE) ) 

IF( IVSCTP (lOUTP) .Eg.H.AND, (.NOT.LSAME) ) 

3b NaEG=. FALSE. 

CHECK IF ALL EQUATIONS HAVE BEEN PROCESSED B V COMPARING CURRENT 
LINE NUMbEK WITH FUNCTION TABLE LINE NUMBER 
IF (IDESC, NE.O. ANO.ILl .LT.IFUNCT.AND.ILI . LT, ID ESC .OR . 

1 IDESC, Eg, 0, AND. ILl.LT.iFUNCI) GO TO 27 
DETERMINE OUTPUT LOGIC VALUES 
COMPARE OUTPUTS TO SEE IF VECTOR AGREES WITH RESULTS 
DO 50 I-l,rMAX 
IF (.NOT, LOUT (I) ) GO TO 50 

IF (ISTATT (I) .Eg, X. AND. IVECT(I) .Eg, X) GO TO SO 
LSAME = ( ( LOUTP (i) ) .AND . ( LPrf A S 1 (I) ) , OF , 

I (• NOr , LOUTP (I) ) .AND, (. NOT.LPHAS I (I) ) ) 


ISTATT (lOUrP) =H 
ISTATT (lOUTP) 

isTArT(roaTP ) =l 


IMESS=4D 

If (ISTATT (I) , Eg, L .AN'd.IVECT (I ) . £Q . L , AN D , ( , NOT, ISA ME) ) 
IF (ISTATT (1) ,Eg.H.AND.IVECT(I) .EQ.H.AND, (.NOT. L SAME) ) 
IF (ISTATT (I).Eg.L.ANO,lV£Cr(I).Eg.H.ANO.( LSAME)) 

IF (ISTATT (1) .EQ.H.AND.iVECT (x) .EQ.L.AND. ( LSAME)) 

IF( ( LEN ABL (I) ) , AND.rV ECT (I) , EQ.Z ) 

IF( (.NOT.L£NABL(I)) .AND. (LOUT (I); . AND, I VECT (I) ,NE,Z ) 
IF (IMESS. N£,40) LEaH=.fHUE, 


IM£SS=4 1 
iMESS=42 
IMESS=42 
I«£SS = 4 1 
rME3S=*4 3 
inESS=44 


IF((,NOT.LERR) .AND, ((LSAtl) ,Oa. (LSA01))) GO TO 
IF((LERa) .AND. ((LSAll) .OR. (LSAOl))) GO 10 MS 


SO 


IF(in£SS.ZQ,4 1) WRITE (PMS, 4 1) N V EC T , (IS Y fl 1 (J , I ) , 1 , 8) 

4 1 FOa«/AT(/,» FUNCTION TABLE ERROa IN VECTOR*, 13,’ PIN =»,8A1, 
I * EXPECT = ri ACTUAL * L*) 

IF(I«E3S,Eg,42) WRITE (PMS,4 2) ii V EC I , (I S Y « 1 (J , I) , 1 , 8) 

42 FOHMAT(/,* FUNCTION TABLE ERROR IN VECTOR*, 13,* PIN =*,8A1, 
1 * EXPECT = L ACTUAL = H*) 


PAL 13760 
PAL1i770 
PAL13780 
PALn790 
PAL1380U 
PAL13810 
PAL 1382U 
PAL 1 3830 
PALI 3840 
PALliaSO 
ITPAL13860 
PAL13670 
PAL 1 3880 
PALI 3890 
PAL13900 
PAL13910 
PAL 13920 
PAL 1393 j 
PAL13940 
PAL139S0 
PAL 13960 
PALI3970 
PALI 3980 
PAL13990 
PAL 14000 
PAL 140 10 
PAL 14020 
PAL 14030 
PAL14040 
PAL 14050 
PAL 14060 
PAL14070 
PAL 14080 
PAL 14090 
PAL 14 100 
PAL 14 1 10 
PAL 14 120 
PALM 130 
PAL 14 14 J 
PAL M ISO 
PAL14 160 
PALM 170 
PAL 14 18U 
PAL 14 190 
PAL 14200 
PAL 14210 
PAL 142^0 
PAL14230 
PALM240 
PAL 14250 
PAL 1426U 
PAL 14270 
PAL 14 280 
PAL 14 290 
PAL14300 
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FILE: PAL24 FOflTHAN A NSC TIME SHARING SERVICES Vil/SP RELEASE 2.0 


C 

c 


c 

c 

c 


c 


c 

c 


IF CirtESS. EQ, 43) wailE (P^S, 4 3) N V ECT , (IS 1? fll ( J , I) , J= 1 , 8) 

43 FORI1AT(/,* FUNCTION TABLE EKROH IN VECrOR*,I3,» PIN =*,6Al, 

1 /.» EXPECT = OUTPUT ENABLE ACTUAL = Z»} 

IF(IilLSS.Eg.44) WnirE(PrtS,44) NVECT. (ISIfJl (J,I) , J= 1 . 8 ) , I V EC T (I ) 

44 FOdMAT(/,* FUNCTION TABLE ERROR IN VECTOR*. 13,* PIN =*,8Al, 

J * EXPECI = Z ACTUAL = * , A 1) 

IF( tirtESS , N£. 40) . ANi). (PhS, Eg .0) ) A R IT E (PKS , 4 5) BEL 

4 FORMA r ( ' * , A 1) 

IF lift ESS, N£. 40) I VECT (i) = ERH 
IF(in£S5.NE,40) NERS=NERr>l 
50 CONTINUE 


CHANGE IHE ORDER OF Vi^CTORJ FROM THE ORL'ER OF APPEARANCE IN THE 
FUNCTION TABLE 10 THrtT OF THL PIN LIST AND IWEEK FOR OUTPUT 
DO 65 i= I , 24 

DO 55 J=l,IilAX 

IF (IPIH (J) , NE , i) GO TO 55 

IF( It^ ECr (0) . Sv, L,OS , IVECT (J) , £0, H ) GO TO 51 
ISTATECI) =IVECI (J) 


ISTATE (I) =N0 
ISTATE (I) *N 1 
ISTkTE (I) =N 1 
ISTATE (I) =N0 


GO TO 65 

51 L5A.‘1E=( ( LPHASE (I) ) , AND, ( L P H AS I ( J ) ) , OR , 

(, NOT . LPHnSE (1) ), AND. (.NOT, LF HAS 1 (J) ) ) 

IF( IITPE.Eg.o.ANJ. (I.E,;. Id.GR.I.EQ, 13) ) LOU T ( J) = . T R'J E . 

IF( (. NUT . LOUT (J) ). AND . ( LSAflE).AND, 

IViCT (J) , Ev/. I ) 

iF( (, NOT , LOUT (J) ). ANL, ( LSA.1E).ANU, 

iVEcr (0) . £g.i» ) 

IF ( ( , NOT , LOU i (J) ) .AND. (, NOT. L SAME) .AND. 

I \/ECr (J) , Eg, L ) 

1F( (.NOT,LOUT(J)) .AND, (.N0T.L5AHE) .AND, 

IVECT (J) .Eg.ti ) ■ 

IF{ ( LOUT (J) ), AND, ( LSAHt).AND, 

IVECT (J) .Eg, L. AND, ( LENAaL(J)) ) I3rATE(I)=L 

IF( ( LOUT (J) ), AND , ( LSAME) .AND, 

IVECT (J) .Eg. H. AND, ( LENABL(J)) ) ISTATE(I)=H 

IF ( ( LOUT (J)) . AND, (, NOr.LSAME) , AND, 

IVECT (J) .Eg, L, AND, ( LENAaL(J)) ) ISXATS(I)=H 

IF( ( LOUT (J) ). AND. (. NOT .LSAflE) . AND, 

IVECT (J) .Eg. H, AND, ( LENABL(J)) ) ISTATE(r)=L 

1F( IVECT (0) . Eg, ERR ) I S T AT S ( I) = £ HR 

G 0 r 0 6 5 
55 CONTINUE 

SAVE PRESENT VECTORS FOR FEED BACK USED WITH NEXT SET OF VECTOHS 
IF CLOCK PULSE AND NOT Z (HI-2 IS ASYNCHRONOUS) 

65 IF( (LCLOCK) , AND.iVECT (J) . N£. Z ) I V ECTP ( J) = I V ECT ( J ) 

ASSIGN X TO GROUND PIN AND 1 TO VCC Pj.h 


ISTATE ( 1 2) =X 
ISIATE (24) =N I 

PRINT TEST VECTORS ^ 

IF ( (. NOT, LS A 1 1) , AND, ( , NOT , LS AO I ) ) W R 1 T £ ( POF , 60) 

1 NVECT, (ISrATB(I) ,1=1,24) 

60 FORMAT (* ' , i 3, » * , 24A 1) 

GO 10 50 

TERMINATE SIMULATION 


95 IF ( (. NOT, LERH) , AND. (LS A 11) ) W R IT£ (PO F , 1 5 0) I?CTK4,IEgNl 


PAL 143 10 
PAL 14320 
PAL 14 330 
P AL14340 
PAL 14 350 
PAL 14 3faU 
PAL 14370 
PAL 143B0 
PAL 14 390 
PAL 14400 
PAL 144 10 
PAL 14420 
PAL 14430 
PAL 14440- 
PAL 14450 
PAL 14460 
PAL 14470 
PAL 14480 
PAL 14490 
PAL 14500 
PAL 14510 
PAL 14 520 
PAL 14530 
PAL 14540 
PAL 14550 
PAL 145b0 
PAL 14570 
PAL 14580 
PAL 14590 
PAL 14600 
PAL14610 
PAL 14620 
PAL 14630 
PAL 14640 
PAL 14650 
PAL 14 6t> J 
PAL14670 
PAL 14680 
PAL 14690 
PAL 14700 
PAL 14710 
PAL 14 720 
PAL 14730 
PAL 14 740 
PAL 14750 
PAL 14760 
PAL 14 770 
PAL 14780 
PAL 14 790 
PAL 14800 
PAL 148 10 
?AL14b20 
PAL 14830 
PAL 14840 
PAL 14850 
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PAL Design 


FILt: PAL24 rOHTSAi* A NSC Tirt£ SHARING .SSRV ICES VH/S? RELEASE 2.0 


C 


C 


C 


c 

c 

c 


c 

c 

c 


c 


150 FORf1AT(* *,* PRODUCT: OP .• , * EOU AT ION » , I 3 , • 

I UNTESTED (S A 1) FAULT*) 

IP ( (. NOT, LEHR) , AND, (LSAO 1) ) W H IT E ( PO F , I 5 5) iPCTRU , lEQNl 
155 rOhilATC* *,» PRODUCT: *,I3,» OF • , * EvJUATION * , L 3, » 

1 UNTESTED (5A0) FAULT*) 

IF ( (, NOT. LE8R) .AND. ( ( .NOT , LSA II ) . A N D * ( , N 0 1 . LS AO 1 ) ) ) W R 1 1 E ( PO F , 0 7 ) 
b7 FOrfrtATC/,* PASS S I f1 U L AT IG N • ) 
i?CTR = IPCrR/ (N«^ECT- 1) 

iF(( LEfih).ANb.((.NOT.LSAll),AND,(. NUT, LSA 0 I) ) ) 

NF ITE (POF, 68) nERR 

6d FOKHATC/,* NUnaER OF FUNCTION TABLE ERRORS =*,I3) 

RETURN 

PRINT AN ERROR MESSHOi. FOR AM UNDEFINED PIN NAHE 

100 iLERh = iLH-U 

WRITE (?«S, 10 I) (ItiJF (1 , 1) ,1= 1 , B) , ILERH, (IPAGE (I, ILL) ,1=1,00) 

101 FOBrtAI(/,* ERROR SYrtBOL = » , BA 1 , ♦ IN LINE NUrtUER *,I3, 

1 /,* *,30A1,/,* THIS PIN NA.iE IS NOT DEFINED IN THE*, 

c * FUNCTION TABLE PIN LIST*) 

R E r U i( N 

no iPHOD=a 

LSAl2=.f:<U£, 
lEy'N 1*Ic.^N 
IPCTR4=IPC f R 3 
GO TO 3B 


I2C IPHOD=L 

LSA02-,TEUE, 
IE0N1=I£QN 
IPCTa4 = IPCTH 3 
GO TO 121 


115 lSAF=IS.\c 1“ 1 
I£RR=, FALSE, 
RETURN 


END 


PAL 148bQ 
PAL 14870 
PAL 1M680 
PAL 14890 
PAL 14900 
PAL 14910 
PAL 14920 
PAL 14930 
PAL 14940 
PAL 14950 
PAL 149b0 
PAL 14970 
PAL 149t}0 
PAL 14990 
PAL 15000 
PAL 15010 
PAL 1502U 
PAL IS030 
PAL 1b04 0 
PAL 15050 
PAL 15060 
P A L 1 5 0 7 0 
PAL 15060 
PAL 15090 
PALIS 100 
PAL15110 
PAL lb 120 
PAL IS 130 
PAL IS I4u 
PAL 15 150 
PAL 15 160 
PALIS 170 
PAL 15 180 
PAL 15 190 
PAL 1 j20O 
PAL 152 10 
PAL 15220 
PAL 152 30 
PAL 15240 
PAL 15250 
PAL 15260 
PAL 15270 
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PRODUCT TERMS (0-63) 


Logic Diagram PALI OHS 

INPUTS (0-31) 


0 1 2 3 4 6 8 9 12 13 ISI7 2021 2426 2829 3031 
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PRODUCT TERMS (0-63) 
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PAL Design 




PRODUCT TERMS (0-63) 



in 

o 

O 


< 

CL 



Logic Diagram PAL 12L6 


INPUTS (0-31) 


D 1 2 3 4 5 6 7 8 9 12 13 IS 17 20 21 24 2S 26 27 26 29 30 31 
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PRODUCT TERMS (0-63) 


Logic Diagram PAL14L4 
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PAL Design 






PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 


Logic Diagram PAL16C1 
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PAL Design 
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PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 









PAL Design 
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PAL Design 




AL Desig 




Logic Diagrar 

0 

n 

1 2 

3 4 

5 6 

7 8 

9 12 

DA 

In 

13 16 

l\PALV 

puts (0- 

17 20 

IL8 

39) 

21 24 

25 28 

29 32 

33 34 

35 36 

37 38 

39 

23 




, 1 - 











Bi>^ 

Bi>^ 

B=n>^ 

^ 14 

9 -- 

--- 

— 









--- 


--- 


11 

— 

— 

— 












16 




17 















24 






25 















32 






















40 








41 















48 









49 















56 










57 















64 











65 

66 



— 

— 








— 





67 





























13 

^ 0 

1 2 

3 4 

5 6 

7 8 

9 12 

13 16 

17 20 

21 24 

25 28 

29 32 

33 34 

35 36 

37 38 



39 
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PAL Design 




AL uesig 








Logic Diagram 


DMPAL18L4 


Inputs (0-39) 



24 
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PAL Design 


*AL uesig 
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Logic Diagram 


DMPAL20C1 


Inputs (0-39) 


0123 4567 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 



PAL Design 






DMPAL20X8 


Inputs (0-39) 



MM MM MM Mil I I I I I I 11 I I 11 11 11 MM Mil 

0123 4567 8 9 1011 12131415 16171819 20212223 24 252627 28293031 32333435 36373839 


24-130 




24-131 


PAL Design 




PAL LOGIC DIAGRAMS 
AND 

PROGRAMMING FORMAT 
CODING SHEETS 
FOR PAL 20 SERIES 
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PRODUCT TERMS (0-63) 
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DATE: PRODUCT TERMS (0-63) NAME: 
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PRODUCT TERMS (0-63) 
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INPUTS (0-31) 


9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


icsinaoaaaaEiDiBaoaiicioiiiiiEiiiiiaiEiniisiniiEiniiEiniiiiiiaiiaiiiiiil 

ICIRIBHIRIRmHRIinHiHiiniini 
IClClBBElIIlBBClCIBBiniCll 
ICmiBHillllllHiHIClClBHiCIIIII 


liWnra i'IlKIlKPlPflKnKiaKMOTICTWiliTl Wiat’itlWiiWlili iTillcIligKltl KlillgTiraiTltt.iiOiilciilgPlUiliraiiTlI 

iviKiiHinrnii;iBBii:ii:mi:ii:ii 
lEllllBiBCIIOBHiiaillHiHilDCII 

. ICmiBBCIClBBCIRlHiHiinCII . 

liaiairararaiaiaiaiMniraiaraEaiaraEoiniiaraiaraiiiraiaEaciiaiaiaiacil 

iiiiiaDmiBHnni 

^GliaHiBCICII 


■CICII 


ICIEII 


CO z m 

I cc 5 

CM IIJ < 

T- H z 


lmrararamrararamiiiciiiii 9 niciiociniciciinEiciciGjR!rarararaiOC!l 

innnnnnnnnnnnuin 
inaDHnannnnnBDO 

. . 

. i ciiaiiiiiiiiiciiiiiiiiiiiiiiiiiiiinciiiiiiiiiniiiiiiiiiiiiiiiiiiiicninimiiiiiiiL'iiiMl 

i rTTiTiTni unmilliBICEi lini'EiiiTiiiyigTiinjiiiTiiiTiiiiTainiigriiiTi cTiiiiiiiTiCT iininiCTiiii gntnimim gninTuniiiTa I 

louuHUDHDOBnDiHBaBBaannBnBnaBBnnoal 


I raiaciciciiaciciciciciciiiici 

BBBBBBBBBBBBBB 


ociBrarararaciciciciciEiciciciciiiil 

IBBETlBEaiOIiaiaEIlBIiliEOEElEliaB 


JiBBBBBBBBBBBBBBBBBi 


lEanjBBBBCTBBBBEiEaigBEiiBBiiaBiiaiigiiaiiaisgEiiigijgia 


, JClClClCIBiniBmBBBl 


ICIIUB 

muMUMm 

nnciB 

BBI 

lEiiaB 

■iciinB 

■ICIGIB 

■Bl 

IBGIB 

BCIIIIB 

BCICIB 

■Gil 


imiBBBBiniBBBinBBniiiiraiiiEiiiiKiciiniiniRiKiiiiiiiciciciociGil 

ICIIIlBBEIlCmClClBBClCll 

IClElBBiaiaBBiGlGlBBGlCll 
MmuMmmmuimmuMUMmmuMVM 

Ei fFnrgTnrgTafgTniiT3Ki3n?rniHin:wii.=Hnrf>iran^ 

iBBBBGiciiuiuiiiiiuiiaiaiiiiiiciiiiiiiciiiiiaBuiciiiiciisiciiaciciiiiiiil 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
I bbbbbbbbbbbbbbbbbbbwbbbbbbbbbbbbI 

iiiiiTiRiriKiririinRiRiRiiiiRiRiElElllllllllllllElGlDlliniRiRiinininiinml 

iciciBBinciBBinci 

. IBBBBBBBBBBBBBBBBBB 

|BBBBHBBBBnBBBBBraBnBI4BBBBBraBBB|i||i|n 

iiiraraciciciiiiiaiaKiiiiiaiaiaKiiaKiiaciiaiii 

- BBBBBBBBBBBBBBBBBBBBB 

IBBBBBOIBBBBBBBBBBBBBBBBBBBBBBBBBB 
iBBBBBBBBBBBBBflBBBBBBIiiBBDiBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBUBBBBBBBBBBBUBBBUBBBBBBBBBB 
BBBBBBBBBUBBBBBUBBBBOBBBBBBBBBBB 

iBBorararaBBraBiiiiiiBBBBiiiBiiiiiiiiiiiiciBEiciciiiaEiEiiiiiii 


|ciininKiini»ininR«RiciKic]niciniciBciciKiciciRiRiBi7iRinBCiin 
Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
lUBBBBBBBBllBBBBBBBDBBBBBBBBBBBBBB 
InBBBBBBBBBBBBBMBBBBBBBBBBBBBBBBB 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-35. Programming Format Sheet, PAL12H6. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


9 10 11 12 13 14 IS 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 


omEin nBDEi EiEiiio ooiaii mmiEiiii laisiiiDi miEiinni iQiEiiiiii] I 


IClClGIGICICIClGlImlCIGlIIlCIEllIIClGlClElClinCiniCIClCIGIClClEIEICll 

-nClGlCIClGlElGlI 




QQQQ nnnin InnnQ qqqq jojoioln njarara qqIqq nnnn 

EHmEEiEil HIESiEIiEil IHEElEElEEi E3EIlI!lE!ll^BlGQiB] BIEQIBIEI 


I CICIElGlGlGlGlEaElElGlElClClClGlGlElGlElClElGlClIOElClElClElElGl 
laiaiaraGiciiDiiaGiraiaiaiaiiaiEiiaraiaciGiciciciEiEiciciEiGiEiGiiai 


liaiaCIClCIClGIClClCIGlClClIIllIIClGlClClClElClClClClClClGlClClGlG] 

J iaciiaiaciciciciiaiaiaiiiGiciciGiciciciciciciiaciciciiaEicicicici 

lUHHHUUHHUHUIIlUHiaUiUlUiUlHIlUiUiUHHUUlUiiaUia 

laaaaiinDBiiaiiaBDDiBBBBaiiDianDiaBBBDinia 

I BBCICI laClElGl EICIGICICIEICIGI BCIEIGI BGIGIG] C 1 G 1 C 1 I!I GIGICIGI 

IrararararaBrarararaBGiiociciciciEiciciciEiGiciciciciciciGiciG] 

IBBBBBBBBBI 

. IBBBBBBBBBI . 

iBElClClClGlGlElClCliaCIClClGlClClGlClClIIlCIClClGlClIIlClGlClIllEJl 

l iiiciciciciCMiiiciiiiiiiiiiiiiiiiciciGiiiiiiiiiiiiiciciiiiiiiiiiiiiiiniiiiiiiimiil 


■■iiiiiiiMisMiiiiiiinKiiyMiniBfnMiHiiniRiinfiniiininiiiiKiiiiniiJinMKiKiKMKiKMl 

lElClClClClClClClGlClClGlGlElElElClCIClGlClClElGlGlGlClGIClCIElCll 


IciciEiciciGiciciEiEiciioGiciGiGiciciBrararaBBraBBBraBBBl 

_JciMaiaciciiai3ciciiaciiacii3ciMaciciciMaMaiaciiaciiaiaiaciiaciial 

|c 7 » 7 TT^lIT^Tl^ 7 Tlr^^lf^^i^!l^lll^lTiT; 1 lra^TiT^lT^^^iTl^iT^rriTaITiT^f^iT^[TiT 3 ^lT^^^^^ml^^^ ^T^ Ira 

IGlClGlClClEllDIGlElElGlGlGlElClGlGlGlGlCIEIElElGliaClGlClGlGlElEll 

IrararararararararaoBrararararaggBraragggggraBgggpl 

|Iv/>i:i»if^^imfrof^^i^[Fyi[yjit^t^<H:irynn»jiiiyjatHin{Tiin(nn?gronncnnn?inrniniiincTin;nn^nETincTa[icninti 3 ncTa l 

IHKiniinnilllinKMfnillRlKiRlKlRiiRKlKlRlingTlKHIlKlgllKliJIKlKlKlKlinjl 

“irar" 


IClClEaClClBElClCICIClBClIIlGlClGlClGlClGlClEaGlGlClCIClClIjlCICll 

lEgiiiaiiHininagaiiiiiigiEaggttHiEaiEareiDreHinqiBiiEBiBaudaujjiEaifflB^iBaiHiiEoiEEaEatBOB^ 

IClgggE|gggragggggE|B|ggBB|ggjgggggggggjSll 

|iv/«i:NiinnirnfT!yifrin».iitii.iif!?:in!?irrnif;nif^iiH:in.^irTniTTjniT 3 t¥Tiiiiii¥yii¥inniriifnr¥nifiinTitki:H 


|p^>nTnfFninin!nirnnniii:HH:Tiiiniii;kiiiikin! 7 n»:i:in:wn:Tnir;iinnjn;TiiHin;wn!inniniran!nfci:>iii:r.inninjriniTn 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

|i?ZiTiTifrTniniiTTiinnniiiron:Tnn:virryniniyrT:iyrT:itTTarrTnrTTainiii:Tiniiii:VJii:ki[rniTnH[rTiiniant^ 

IRIRlRIKIRlirilliniRIIIlRIRIRIIIlClRlIIiraRimClRlRIIIlCIRlRIlIlRiriRIRI 

Irarararararaciiaiiiiciciiiiciiiiiiiciciciciiiiciciiiiciiiiiiiciciiiiiiicici 
Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
I bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

|iv/tVj»ifrmiRiiTOn 3 nn^iTgjirrnrrwn»t;iimrrgirmntraiT>PiiTniT? 3 iTnniTiiinTHn 7 innniiTinniT:iiii>jiiiinn^ 

IClIlllIlClClRlRiraClClIIlIIlClIlliainClClRlRlIIllDIITlRlinRlIIllTIIIllIlClIIl 
ICICICICICICIIIIIIIIIIIIIIIIIIIIIIIIIIIIBCICICICICICIIIICICIIIICICICIIIICIC] 
IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

l iTTnTTninniniirainnn^irainiimnTiiTOn^nnTninafrTnnnfmnTiiiiiiTOiTanymiraiidHiiiinTnininTitniifTTaiiaiiiiiiini 

^-^RiiiifiiRiiiiiiiiiiciKiriiiiRiiTiiTiniRiRiRiiiiRiRiRiinriRiinriRiiiiriinRi 

iiiiiiciciciciciGiciciiiiiiiiiiinEiiiiiciciianiRiRiRiRiRiRiRiiiiiiiiiiinni 

BBBBBBBBBBBBBBBBBBI 


5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-37. Programming Format Sheet, PAL14H4. 
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PRODUCT TERMS (0-63) 


INPUTS (0-31) 


0123 4567 89 ID M 12 13 14 15 16 17 18 19 20 21 22 23 2425 26 27 2829 3031 



0 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


LEGEND: • :Phantom Fuse (L, N, O) DiPhanton Fuse (H, P, 1) n.u.— not used 

FIGURE 3-38. Logic Diagram, PAL16H2. 
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PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


1 2 3 4 5 6 7 


9 to t1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


n oniEiDEiEioaEiEiaoaoiiiinaiiiiQiEiiaiEiiaiaiiiiEiniiiiiiiaiiiiiio 

ini?ii?inii!ii!ii?iciiniciciRinif!iiTimniniCiciciiyinnTMi?iiniaii!iianiii!ici 

EicGiciciGiGiEiGiiiiEaciGiciciciEiciEiiaiciciciciciniRiiniiiiiiirainiii 

laraiaiaiaiararaiarararaciraEiinraEiiniainracicicicicicicicicici 


RlRlCiniClRlITIRIIIllTlIIllIllIIRlI 






iiaiiiiaiaiciiaiciiaciiDiiaraiararaiaraiJiJciciciiniEiiiiiiiciciiaiuMUiiii 

|RlRlRli!MM!ll!ll!H;irii!lRlRlRlRll?lRlt!ll!li!IRIRII!lf!lRini?lf!ll!innRli!l| 

IraraciEiGiEiGiraciciciEiEiEiEicininiKirainRiniiniKiiiiRiraRiniiaRil 

i iaiaiaBaciiaiaciiaiaciciciciciciciciiiiciciiaciciiDiIiiDiciciiaicicil 

ilraraiaiaciciiniciciiniciiiiiiiiiiiiiRiiiiiiiKiniRiRiiaiiiRiiiiRiiiiRiiTiiiiRil 
QraiaiaiaraciciciciEiciiiiciiiiraiiiKiGiRiRiKiRiiiiRiRiiiiRirainiRiniRil 

nciiiiciciciciciciciiiiRiciiiiociiQciiiiiiiciciiiiciciciiriciciciiiiiiiiiil 

liMd iainiBiaiiiiaiaigiaigiiiEiiiaiaEiEiiiEiEiiiaiiaiaiainiBiiig^ 

liniraiiiraiiioiaiaEarainraiaraiararaciiaiaraiiiiarainisiraraiiiciiiicil 

IraiaraiaiararaciiaraiaraciraiaiararainiiniaraiaiiiciiiiciEicicicicil 

Iraiaiaiaciiaiaciciiaciaciciciciciciciiaciiaiiiiiiaaciciciciiacil 


iiaiaraciiDiraiaraiaraiarararaiaiaciEiciciciciGiGiciciciciciGicicii 

liaciciGiciraciGiciEiciciciciciciciiniGiracirainciciciciciciEaicicil 

| r/r»Tn»iniiTOii3iiini ia nai?amiiiiRiii?if?niraran»iiiinif3iiiaifi'ii3tiRinjirfiriin!iinii7if riTin>inn|fiif?il 

liaiaraciinrararaiaraiaraciraiiiiararaiaraGiciciEiciiiicicicicicicil 

liuGiraiiirararararaociiaGiiiiciciiDiciciciciEiciciciciciciciracicil 

IraraciciraiaiaraiaiiiciiiiiararaiDiDiaiiaiaiaiaiararaciiaciEiciiiicil 

|i??zgna iTiTn iiiTiiii>j iriinirinn:iiiiTaniyiniTniTinfTiTi niTnniraniTnffiT3niTinTiimnnff niiniTHiii(iiTn^ 

irarararararaiDiciciraciciciciiiiciiiiiiiiDiciGiEiciciciciGiciciciEiEil 

Irararacirarararainraiiiinraciiiiraiarararaiainiiainraiaraiacicicicil 

irararararaciraiaiaraiaciiiiiiiiaGiEiiciciciciGicicicicicicicicicicil 

IClCIEIElClClClCliaiElilllllllllllllllllGlClClGlElClCaClClCllSiClClCIClCll 

|iarai3i3iiaiaii3raiaGiiaraiiii3iiiraiararaiiiiaiaiara[3iai3iaiaciGici| 

|iVi«hii^ re Tiit!ii itM iraitttit;Hfp:iiniiniinirTOreTTireTRftTniTTatnareTniCTrewiTOfraii;tinjTiiiwireTniijTiim^ 

iraraiaciiaraciraiaraciiaiaraiiiinraiairaiaiaraiaiararaiaiaiiiiiiiaiGil 

IraciGiciciciciciciociciiiiciiiiRiiiiRiniciiiiciiTiciciciciciiniEiciinl 

IraiaiaiDirainiiarararaciiarararararainiraEaEiEiGicicicicicicicicicil 

SlClClC]GIClClCIClC]GlClIIIClClClCII]aCli:iEJiClCIClClGlGlllli;i| 


IRlRlRlRlRlRlRlfyiiliniillRlillininRlRUTlRUnRlRlRlRlRlRlRlRMRlRlRlRlI 

IClClClIIlCIClClClCIIIIClClClIIlClClClIIlRlCliaClClClClClIIlClClClClCll 

iciiiiRiiiiiiiiuiRiRiciijiuiiijiiiiliiiiRjiiiiiiRiiziiiimmiiiRjiiiiiiiiiuiiiiaul 


|^^[EEIf3I[ESElSaZ]D:SD:Q[E&[EI]CEI]a33a3Da33D3i]in3DS3DiEIEaEIiBDiBQiQn]SniQiIiBa03DiSI^ 

ICICICIRIRIIIIRICIRICIRIRIRIRICIRIRICIRIRIRIRIRIRIRIRIRIRIRIRIRIRII 


lEfelilJ flilOiHlIEBIBlEgllljdtiiyiffl ngniTinngnngnfwan^nggminnnimninniinniTiiinaniTfiniwn^ 

|RlRlRlM!bi;bRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRlRIRlRIRlRlRll 


lUUlIlUlCiGIGlIIlIIlClIllRlGlGlGlClClClClGlIllClIilElClIilClClIllClRlI 

iiVi[»i;i»iiniiHiti»j|i*itrairaimiran3niiiiHi< inninatniiiTniminnnairmiraiimiraiTriiTiiiTriinin?;inT:ii^ 

IIS@S@!3[SS[9SI^!3!I|ki|3Ririr]ririririririririririririririri| 

IClClClClCIElClClRlGlCIlilGIIDIRlRlClClRlRIRlRlClEniClIIlRIClEaRlRlIIll 

iGlISilllCIClCIClGlClClIIlClClClClClClClIIlClClElClClEIClClClCliniCICll 
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PRODUCT TERMS (0-63) NAME 


liLifciiiaopiBgioEiEiiiiigooiioiianimmaigigiaiaiiHEiiaigiiiiiiiCTBio 

IraiararaiaiiiiiiiniararainiraciiTiiiiiaRiRiRiRiniRiiiiRiiiiRiRiiiininici 
liiiciiaiiiiarararaGiciciciciraiaRiraniRiniKiraiiiKiRiRiriiiiiiiniKiri 

luuraSraraifiraniniRiiiiraRiRinrarailSiTimRiraraiTiiiiraiiiRinSISrS 

|iniClllllIlRII 7 linil 7 IIIIIIICIIIlRIR 1 l 7 IITIR 1 R 1 IT 1 ITininil 71 II 1 ITliniI 1 IIIR 1 l 71 Rini 

I ciiaaiiiinciiaciiniiiiciKiiaKiKiiaiiiKiKifaRiciciiiiiaciciiacicicici 

I t^iiiigTiCTgTiCTgngCTgTinigngTafyiii'iiigTig^igTigTiiHniijiMCTCTCTiajicraByiBTaBni i^gniiiTiiBiiijfigfa 

I iarararararainmraininirararaRiinrainirainiriraininiinirainiraininnm 
larararaiararaciRiiiiraniRiiniiiiiniTiiiiRiiiiinRiioraRiraniRiRiraiiiRi 
Kignigng!igyiKiKinnng!ig!iininigngTinn!ii?ininimniRiMTiiTii?ii*iRiRii?inii?i 


J raciiarainrarainiiiiraraiaraiiiiiimraiainiraiiniraioraiiiRiRiiTiciRiiniii 
iiiraraiiiinrainniRiiiiiiiiTiRiiiiiiiinRiRirninininiRiininiRiniininiiiiiTiRi 

raiairaraiaraiararaiiiiiiiiiiaraiiiciiaraiarainiraiiiraiaraiiirarararara 

iEBGEi iiEigntgiigtatgiigiiaiEiBgtzaEitaiiiaiiaiigEiiintgigigiaEa 

IIlinillllllRlITlRlIIlIIliniinillllllllllllllRlIIliniRlRlITIRlITIITIIlllTIITiniRIIIIIIl 

RiiiiraRiciiiiiiiiiiniinininiiiiiiifiiRiniRiRiinRiRiRii?iRiRiriRiiiiniiniRi 
liniiiiiaiiiraiiiiaraiiiiniiiiDiniiiiiiraEaiiiiiiciciciciciiiiciciciciciRiRi 

^Q^acaEniaEOiziEaEaBiixiEoixiiDEiiiaEgiiiiniiniiiaiiaiOEaiisiiniiaiiEiiiEiiiiai^ 

gnRiiyiiTinigTingm!iM!if!irinrMgniTn;ii!;ii!MniRig!ig!iM:MM:gi:Mi!!MRiRiRiinRi 

inrai3rai3iiiiniiniai3iiniaraciiniiiinciiniiicii;iG]cic]iiiciciciciii]i;i 

IcicmiiiicifiiiiniiciiiniiiiiaciiiiriniiininiiiKiciRicicniicniiiiiiiiKici 

ciiairaraininmraraiTiinminiiiiiiiiiiiiiiiininiiiriraRiiiiiTiciciRiRiiTiRi 
luuuraciiaiiaiiiiiiiiiiainiDiaiiimiiiraciiiiiiiGiEiiiiiiiiiiiiiiciiaiiiicici 

ciiaciiiiciciciciciciiTiiiiiiiiiiiiiRiciniRiRiraRiiniiiciiniRiciRiiTiiiiiii 

EHSTa iaiiiiaiaiaiaiiiiaiiiiiioaEaEaiaEiEiEiiaiaiaiaiaiaiaiaiaCT 

nniDIC] CIEIIIICI RlRlIIlIIlIIllIlIIliri II1II1II1I3IRIC1CIC1 CIIIICIRI ClRlIklCl 


IllCIRlRl RlGlElCi CICIRIIH CIR] 


FTlRlRlRliliiiiMSlRUiMlZgRMRIgllgl] 


__ iRiiiig!iRiRig?iRii?iRiiTifnrinig:ignnirii!Mi:ii!ii!iRnsii!iRiRig:ii!iRMnRMg:Mi 

i? 7 tTnai!iTnffiTin^iTnni!iniriTaiTiTiiiiVJtiii;iiTiT!itiiyi»ii:iniTatTiTnfrTinn 3 nTiiinifii 3 uikj|tt^iiranTiiiiMiiiin^ 

iHnnnnnnnniiiniiiiiiniiinniinnnnnniiiniiiniiiiiiniiil 
uuiuuiiuiauiuuiiiuuuiuuiaiMiiiiniiiiiiiiuuiiuuiiu| 

irFiifmimimi>iii>MtFniywffnroitTOtfjnrFi>ifyintwitFnn{ niit»riHncTnrmnn:incnirontnncnntTintTnrHaiitinnt^ 

|UiuuuuuuuiiauuiuuiUHiJiiJiiJiniiii«HniiiiimiiuiiauiUiiii| 
|uuuuianiaiaiaiauiauiauuuiuuiiauuiatauiauuiiautaia| 

^^oioiBOiDiDiniaunHuiauiuiaHHUHHUiuiHunuiUiuiauiUil 


luuHHUianaaBBHUiaaHnDnanuuHonnaBnHUi 


m 


IBIlBBBl 


^^BBDBBBBBBBBBBBBBBBBBBBBiaBBBBBBBBl 

|BBiaBBBBBiaUiaiaUBBBBBBiaBBBBBBBUBBiaB| 

iKfeliU iFnirnirFinTnrFnninniT^niFitFriifinrniin.n ii;i>inniininiFTi irairaniTiinnfimininnin^ ngrannniinanni I 


IBBBBBBBBBI 


. JUBBBBBBBBBi 

iBBBBBBBBBBBBBBBBBBBBUBBBBBBBBBUUl 

|ymyyy[ymii&SiS8iiS3S3BiiHmSiS8SBSaiBBi3mSSiil 

pvMziiiiTiniMU^iVjfrafrtinigiTOirwtrTiirnn^niTnrrwrTiTn rTiarT^ranTTniTTnniH nin niniFtwwminnnirnn^ 

IBBBBBBBBBBBBHiaBBBBBBBBBBBBBBBBBBl 


iBBBBBBBBniUllBnBBBnBBBBBBBBBBBBBBliil 


l iVM:rjinn iran»^in*ifiinira iw^irwn^iiinn^ngnfrCTiRnirfliTnn»TniTnifT»Hnffl»iniriHntTaii»viniTiniTni^ 

^-^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

^BBBBBBBBBBBBBBBBnnnBBBBBBMl 

■■■■■! ■ 


|i^.*i>i;t»in 7 iiT 3 iirnirairairainiiniin?irmn?iinTiinainnin 3 iT?an?iimirainniT?inain!iiTiinjiiii:iii#:in 7 niTO 


IBBBBI 

Ibbbbi 


_ IBBBl 

bbbbI 

IBBBBBBBBflnnBBnnl 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-41. Programming Format Sheet, PAL16C1. 
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PAL Design 


INPUTS (0-31) 




LEGEND: • :Phantom Fuse (L, N, O) □:Phanton Fuse(H, P, 1) n.u.— -not used 


FIGURE 3-42. Logic Diagram, PAL10L8. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


9 10 11 12 13 14 15 16 17 18 13 20 21 22 23 24 25 26 27 28 29 30 31 


inaniiEiDaooaonoiiiiiiaiiiiaiEiiiiiBiiaiaiiiiEiiaiiiniiEiiiioi 


■raraSSiB 

wmammm 

, lElClHHH 

I iVMiWl EQEEIESIESi EE1EEIE9ES1 EOIEEIEEIEII gTlgTiltniUBTiHSHRlBn EEI^BIEEI 

^^nmnnDiBnnninnnniiinnnnnnnnmnrannranrarara 
InnnnnBnnnrannnnnnunnnnnmnnnnBniiinB 
iMHiiiinnnnnnnnnnnninnnnnnnniiicinnnDinn 
luuuHuuuuuuuiiuuuuuHiauHEiHBnHnnniraiin 


IraBnBBnnnDiii 


BBBBBBB 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 


I inigTH:i'*M!ki fitiiiEniiniiFiiingtBnn! 


IBBBBBBBBBBBDBBBBBBB 

-- - iraBBBBBBrararaBBraBBBB 

iBBBBBBBBBBnBBBBnBBBnBBIUBBBBBBBBB 
iBBBBBBBBraBniBraBBraBBnraBBraBBBBraBBBB 
^ i BBBBaBBBBBBBBBBIlBBBBBBBBBBBBBBBB 

IBBBBraBBIHraBIHraraBBraBBBBBBBBBBBBBBBB 
iBBBBnBBBBBBBBBBnBBBBBBBBBBBBBBBB 
iBBBBraBBBnBnnraBBraBBBBBBBBBBBnBBBB 
I bbbbbbbbwbihwwbbpibbbiubbbbbbbbbbbb 

^BBBBBBBBBBrararaBBnBBBBBBBBBBBBBBBB 
iBBraBBBBBraBnnraBBraBBranBBnBBBBraBBBB 
iBBBBBBBBBBnnraBBnBBBnBBBBraBBBBBBB 
iBBBBflBBBBBBBBBBBBBBBBBBflflBBBBBBB 

IBBBBBBBBBBBBBBBBBB 


BBBBBBBBE 


|TO;TniiiiiTiiTinrmiTinnnn nn^nirT iTii3niTniTinntTi niTn iTiTantTn niT3iTi)3iiTiiiTnnHiiiciiinnranTiiiinmn[m 

^IBBBHIBCIClBBGlClBBCIGlBBElGlBBGlElBBGlCIBBBr^ 

l■i■■■■iClGl■■ilSiG]■■iElC]■i■iGlCl■i■iCIC]■■laGl■■i■l„ 

|i^ 7 anaiFiiiFnfTOiTOiFniTOiFnnFyitFniTnyynpTi nfn[yTniw^ it’fltFiiimffyinrnii{tiifcfln{Hik^jifciiiic{:itfcy:incnin^ 

^IHBIHiHiiaiGlBHiGlEIBBIIlClHiBCIiaiBBiGlGlBBiaCBiBiBn^ 
mBBIBClCIBBGlIllHiBClCmCIElHiBClClBBiGlGIHiBiBil 
IHIBB BBICIBBBIOGI ■■BGl HCICIBBCICI ■■CIEl ■■■! 

■ i7i*Tn7iitmfmfEfiiratEniggynayniftFiitTirCTiigTn fn3n^iiTi frT3njTniiinnjfairaii.iiiHji n^iijH n^n^n^r^ 

^^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
IbbbbbbbbbbbbbbbubbbbbbbbbbbbbbbbI 

iBBBBBBBnBBBBBBBBBBBBBigBBBBBBBBBBl 

I bbbbbbbbbbbbbbbiubbbbbbbbbbbbbbbbI 

|i^v*T;iiiiirniraiirfiiTrnniniT!giT!Tin:yify!TniiHin!nyTiTnyrTatTiTiTn!Tifi^i¥ 7 ii¥niiwifHi»Ziiiiin 7 i^ 


iBBnBBBBBBBBBBBBnBI 

Ibbbbbbbbbbbuubbbbbbi 


IBI 


EliQililllEEIEES CEQDiSDiSOliil DlQiliSEEnE^ EES HililfFlinin [03IEDEEBEEE1 EEQEEQEEQEEZl EEQEEDIEEIDOIO EEBEHOEEliEEIl I 

^-^BBBBBBBBraBnBraBBnBBBBBBnBnBBBBBBBl 
iBBBBBBBBBBnBBBBnBBBBBBBBnBBBBBBBl 
iBBBBBBBBnBBBraBBnBBBBBBBBBBBBBBBBl 
, iBBBBBBBBBBflBflBBBBBBBBBBBBBBBBBBEZ. 

l i 7 z>Tnnn:Tn fni nTiinniFiniTOrT;r^n:\fiinin:nff;Ti nTn fnaiy:Tiiff:y 3 c^ni 7 iiiTiinTnnnnffntr:Htmniin^ 

^^BBBBBBBBBBBBBBflnBBBBnBBBBBBBBBBBl 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


Ibbbbbbbbbbbbi 


IBBBBBBBBBBBBI 

iBBBBBBBBBBBPr- 


IBBBI 


■ i?r * Tn a i rn iniirainnmiiraini!n 3 inTiinnn?:irmfn^mnfn 3 nnn 7 iimnf]innimiTan?iiii 7 itminin?iimt^ 

^-^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-43. Programming Format Sheet, PAL10L8. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


5 6 7 8 9 10 It t2 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 


IrTsi-Tgra—^igigMrawigimiigiMiiiiiniraiTiiiniwuicifguinrnFininiifiiFiniiiEumHii 




innnnnranraniiir 


laBBaiioi 

lOEl 
IBB 


^ IBBBBBBBBI 


IBBBBraBBBBBBBr 


IBi 


IBBI 


IBBBBBBf 


ISIISSL 

^~niniBBBBnBBBnBBBnBnBBBBnBnnBBBBBBBB| 

IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


^^BBBBBBBOiBnBililBBBBIlilBniBBnBBBBBIlElill 


mm 


iBBBflBBBBBBBBBBE 

Ibbbbbbbbbbbbbbi 

l i^tiTii imiiiisiii QllSIlIilSI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

iBBnnBBBBBBBBBBBBBBBBBBBBBBBE 
J BBBBBBBBBBBBBBBBBBBBBBBBBBBI . 

|P75TinilTrritfiiiiyiMITiniTiIllTiHITil!l»iWllililIllTiiniT:ilTnnnTT3tfiln»il^niT3iilili»MmiilM»t‘lframilIl?lfIHlilJii^ 


pgsgagaggggggaaaagagaBagaaaaaggB 

| P 7 ^T^^i^MIF^ fTOfm^Fni^j^^w■ 1 Iro^HlIBiltw^^F^^^^FI^rCTryTa ^^llc^ ^{Flm^ ^ctlmjl^craIro^cTl^^^^cTl^|{^ 


ICIGII 

VSMl 

ICIGII 


IGICII 

ICICII 


ICIGII 

IGICII 


^^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


ICICII 


ICICII 


ICIGII 


ICIGII 


|i?7io»ifrTiii<iH:firrairniTian^rmiH:>tmfi!ntr;fnyr;!arrTnn!TirnaifiiiifnffwrfH<iZiiMfHaiFiirmifniy>:ii^^ 


InnBBnBBnnnBIHniUBBBBBBBBBBIlIL , 

|^vM;T»ifTiiiniifrFinnnninirPiii(:Hii:Viniiitf!ti^y!MnrinfrTiin^Ff!TaniTareTiifciitfcy 4 n!inninnniin^ 


IBBBBBI 


IBBI 

Igni 


|ivM:ViifrTiirfiff:wrnncf:nfTOfnHiT:wfT;Tnif;Ti[T;TnfF;TnfTigrrTniT;T 3 r??raiT?iiTiin;wnnnninnnaniniTO 


inBBBBBBBBnOjBBnBDniBDiB 


BBI 

Bill 


mBBBBBIlBBIlBIlBBBBI 

IBBBBIIBBBBBBIIBBBBI 


IBBBBBBBBBB 

IBBIIBBBBBIIB 


IBBB 


n BnniiBiiiiiiBnBBBBBnnBBnBBBBBiiniiaiaiiiDiBl 

aaaasaaassaaaaaaaaasaaaagar 

nnniinniBEiiiiinnnBfliiBiiiiiiBBBiiiiBi 




iBBimilBIlBI 

IBIllBIllBlillBE 

iBBBBBIlBiai 


IBIIBIIBI 

1023031] QQinnosiQi I 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-45. Programming Format Sheet, PAL12L6. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


innBBi 



vrarannnranrarararanrarararai 

raraiirararanrararairaraiiiraiimiii 


iranrannrararanir 

InnaBi 


jranranrarararararanraraniSranl 

BnininiBiMBHBDiBOiDiCiBDi aiiM ggBnwiapiWHiniiiwwwl 

EElEIlESEQEQiEEIEIiEEl QiEElIiQEIi EBBEIiC] liliHilESEEl EQIIiailSCa EDIEQIIOSEn] EQIinilillEll I 


[qeI 3»] igiWCTiCTinni laiiaigiiCTitiiiCTiiaiini cmiiiiiiiiCGi 


iBBraniraBBraraBniraniBB 

iBBBBnBnBnBranraBii 


innraBraBi 


inni 
inraBninl 
IBBBraBl 

■ ^ IBBBBBf 

I^^BBBBiaBGiBIOBiailllliaililBBBBraiaiZIGlEliaEiBIZlIOiaiCDIIIlia 


IBE 


BBBBiUBBBIUBWIlliiB BiU BBWWBBBBBBBBBBBBl 

■ ^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

|iTOn!T>iiTiTniTrnniFiiTrnniniTiHnnHniTiirTniTinni7ininni7aniT7iniTaiTiT3iiTi|iniiratiiniin 


■asi BnBnji 

iBbbbbbi 


a raiifnmraBi 

BBBBBBE 


aBBBnilBBBBBI 

nBBBliliBBBBBI 


IBBBBBBBBBBBi 


IBI 

IBI 


mi 


lElCII 


ClCll 


Eicii 




IBI 


IBI 


IBBBBBBl 


[iTraniireTiiniigFimnrenitHmnroimntBitnirETnreTiimnitHitiiiRiiiCTirairaimmaiiiTaiTOiirnmnrenn^ 


IBE 


I BBBBnBBBnBrannBBniBBiiniiBiiiBnBBiiimBnB 
BBBBnBBBnBBBBBBnBBBnBBnBnBBBBBnB 
BBBBIUBBIHIilBIiiraraBBIlIBBBIilBBIlIBnBBraBBnni 
BBBBBBBBBBBBBBBBBBIIIIIIBIIBIIBBBBBIIB 

I BBBBnBBBBBnnjBBBnBBBBBBIilBPIBBIilBBIilB 
BBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBB 
BBBnraBBBnBBBBBBnflBBnnBBBliIBBBBBnB 
BBBBnBBBOIBBBnBBnBBnnBBBBnBBBBBnB 

I DSlIBinSDl] H<i:»t<4;in37n»ringaiTgiiiTg3iTg3 ffiTiiiiiiiiriyjirnnnitiiTinniniTig [EEIDIDDiQnilD niwn»TT]n»T3nTT3 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibbbbubbbbbbbbbbiibbbbbbbbbbbbbbbb 

iBBBBnBBnBBBBIlBBIlBBBBBBBBBBBBBBnB 
■ i BBBBIUBBBWBIHWIiiBBniBBBWIilBBBWBBBBBWB 

I FKiTM imim iT^iT^ ira iraiHuifia inniT3iiiT?nn?ii irainninaini nTinaiiniinnimiTana^nii mnnaiinrinininaiTinfrnnii 

^^BBBBnBBBBBBnBBBnBBnnBBBBnBBnBBnB 

IBBBBIIBBBBBBBBBBIIBBBBBBBBBBBBBBBB 

IBBBBBBBBBBBBBBBDIBBBBBBBBIlBBBBBOiB 


6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-47. Programming Format Sheet, PAL14L4. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


9 10 11 12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 


IgTsnmigniMa KigMgiwi iiiCTgiiMMiiiraraiTaiiiiiiiFntiniiTiiiiirngigniigii»Mmiii 

InnSnSnjraSSSSSSSSnnDinraSSSSSSSSSSfSra 

, laannnHiaunaoaDnBaBnoBBoniiinnnDianaa 

|I?Z;Tn?iyTniCTiTlWlCTiag71 TOi?l irii7 1i7:ii7aiJil i71l71iTaCTIcFlinaiK TliraiTiraiTl gTiliTlin[?iKTil lcTnigIllcTl 

iBBBBBBBBBBflBBBnlBnlBnlnlBBBraiSiraBlSlBBBB 

IfSsEDlEnillEBiEEiBlEaEIiOlEElEElEEICOlEiaEiaEIiEIlElBlBBlEaEaEiBIBiBBlBlBlEilBiEl 

nBBBBBBBBBBBBflflBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
_ J bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

lEZQIElElQIBOlllilBElOlQiElOlBilEainjlBQlfZlillfElfafaiafZliilfllEElfZlfEifiafZDifZlfa 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
iBBBBBBBBBBBBBBnBBnBBBBBBBBBBBnBBl 
i BBBBBHBBBBBBBBBBBBBBBaBBBBBBBBBBl 

fillip 

ISaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

IbbbbbbbbbubbbbbbbbbbbbbbbbbbbbbbI 

i BBBBBnBBBBBBBBBBBMBBMWBMBHBBHWBBl 

lEiinaBBBBCTBigBEgEiEaEiiEaiaBEaEiiBiiaiigiiaiiaiigiiaiiaiigBaBiiiiaEai^ 


Icma BBBBiaBBBiaBiiioioaEDiBiaEjiBiaioBiMaiaiaizaiaBicaEataEiia 

IbbbSbSbbbbbbbiSbbbbbbbbbSbiSbbbbbb 

iBBBBBnnBBBBBBBBnBnBBBBBBBBBBBBnB 
_ i BnBBBBBBBHBBBBBBBBBBBBBBBBBBBBBB 

| tv/«i;i»in4iiiMiniHniTnniTiiTitittit4iiiikinii;iiiii!tnin[riTnt>i[>jnn»<niT3nniiiiitiiteini^ nii | nnnij| nnitt^iiBiinnpifinnnn<iNiiit^ ftH |[^ 

^^BBBBBBBBBBBBBBBBBDBBBBBBBBBBBBBUI 
iBBBBBBBBBBBBBBBBBUBBBBBMBBBBBBBIil 

Ibbbbbbbbbbuuubbbbudbbububbbbbbbb 

| i^7*Tniii iFniynrroii^»mrFnrFnni2ffniTnrF7:ifFrirFiRFFninn[iiw3 ncTiiFn iTO nnnncTincHiiti^n!>ititiiin^n<nmnncra 

^-^BBBBBBBBBBBBBBHBBBBBBBBBBBBBBBBB 

Ibubbbbbbbbbbbbbbbubbbbubbbbbbbbb 
Ibbbbbbbbbhbbbubbbbbbbbbbbbbbbbbb 

|r?z»TnaiFniinimiiEinn;n irairn tnaitnimfTOrrnrETRfnniparniii?in^ n^mniijniij!:>reTinjgmnrenr^ 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbdbbbobbbbbbbbbbbbbbbbbb 

InilflBBHBHBHBBBBBBBBBBUBBBBBBBBBBB 

| Fz>Tn^imirnii^<JiiinFrniraiTiTaiT!?aniTnirn[ri?iniTnn?an!Tii[TiTinr!nnfrifmriHif3ni¥ri^ 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

iBBnBBBBBBBBBBBBBBMBBBHBBBIWaBBBBB 

BBBBBBBBUBDBBBBBUBBBBBBBBBBBBBr- 

I iTirninitTiyiinn ninit:rfti;nfn]niTnn!nrT! 7 nnrrin!TanTnFrignT 3 n;TniFnrmninmnn!TinTiniinnnr^ n-ran-rnn-ranna I 

ibbbbbbbbbbbbbbbbbbbbbubbbbbbbbbbI 
IbbbbbbbbbbbbbbbbbbbbdbbbbbbbbbbbI 

iBBBBBHBBBBBBiaBBBBBBBBBBBIBBBBBBBr- 

ICMElilEIHlElSEISEIZIlESEQOEEgaXlEESlDZiaiDDEIEIDDSKQaDnillEIlDOSEEBaOSDiSiliQEE^ 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBOBBBBBBBBBBBBBBBBBBBBBI 

[ tv/^htiiiRnk>iiiiMiTOn»niTinfr»nfraniniTinfrjnn>ri^w>iiHiiiT>nninnnntii<ihiyiniTnninninniTi 

^^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbbbbbbbbbbbbbdbbbbbbbbbb 

iBBBBBBBBBflBBflBBBBnBBBBBBBBBBBBBni 

Uvi>i;i»iinniraiT?iiraii4i ii4HiiT!ii?in^imrr?iiiH:itij^mTin?3fn3iniiimfTOninirfiii33iiTiniinfiirai[Tri nin ita»4ii^in?3im 

^^BBBBBBgBBBBBOBBBBBBBBBBBBBBBBBBB 


7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-49. Programming Format Sheet, PAL16L2. 
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DATE; PRODUCT TERMS (0-63) NAME; 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 





EIlEnEBlEO E33ESiClEBi EElEOlEEiEIl EIiEI!lEIlE!lB!lBIE9E9IBlE9EiBIGlE9EEIEQl ESEDIEIBI I 


liTz^ETiiTiiiqiniiiniiiiiiTiiiyifTiiTiiiTiffTiigMiiniiiTifTicTnigTiiiqgiriggiPigTiiTiiTMCTg^ 








iTzsrnniTiTiiTinniniinnniniTiTifniTiifriyiniTnfTnnrTiTnfriTnn^niTnrriTitiiiiiiiiiimtit'^uicirmmjfnf^ 


iv/aT;M ffWEFTnthJtKiin^inintFirenntnncTannfin^nnrinniniTin^ ntnincTnfFTanrni I 


[i?/sT:iiiiniiiniiTOinnn?nm)ireHtt?]rnnignrnniiTnn^irTnreTam3ii?niEniraiBniraiRi^iFniraiBTniTO 


7/>r;F»iir7iitHiiimninnjnirarf?niir?iiri:in:tiironiTnn:faii!TiirrT3nriniiiiiFnrpHif]nikAUti.infnifwre7innifDt¥n 



7/ar:Tni ECOliHlIEBEEl] lEQiZiSIlIOEEEl n^illT1[rT;ilT?!1ffTi^n:Tiirr;i1[Fran^ DQQDiSDOSDiEI EUillliSDinQili] DUBEEEIDIIIDIQ I 


7 /q;iii EOHDiiDSiii] ngiira niri n;y]rrgiin^rTOiT?nrRar^ ni[ 3 EEQIEQEI>l}DIIlil!BEIiQDI^ EIHDiEQIIiQDIID lEQnilDQillEES I 


lEaMliBlililiaiEOMaBaiiaiGaiiaililliainDliaDlilliananiiiniirainnnTiiramiiiTiiiniiniinininmq^ 


0 1,2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-55. Programming Format Sheet, PAL16R6. 
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DATE: PRODUCT TERMS (0-63) NAME; 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30 31 

I WORD I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I A I B { C I 0 I E I F (l0 I 11 I 12 |13 1 14 I 15 h 6 I 17 I 18 I 19 I 1A I IB I 1C I ID I IE I IF 

O 4 24 

0 3 16 

0 2 8 
0 

I WORD 2D 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B Ic 3D 3E 3F 

0 4 25 

0 3 17 

O 2 9 

Ot 1 


IWORD 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F 

O 4 26 

0 3 18 

0 2 10 

01 2 

IWORD 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 7D 7E 7F 

0 4 27 

0 3 19 

0 2 11 

0 4 3 

I WORD 80 81 82 83 84 85 86 87 88 89 8A 8B 8C 8D 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 9D 9E 9F 

O 4 28 

03 20 ; 

O 2 12 







iKzi^EoioiaiiioaiaiiiiiiiiiioiiaDiGaEaEioiiiiaiaiaiaiaGiiaioiaiaioiiaio 



Icmn^iiTiTnninniTiiTiTnnrniTiniTiTHiiiiJfriiiiiTiTnninrFnirTiTaniTnniTiniTinTiimrramnnnmjinrinfii^ 


|i?/>Ti:i»irFniFiiF»:niFnfFniFafFntFWfFnroiiF7ntFintFrarFjnfF^rFTan^inin^nnnncnnnjiii^nrn[mnctincTin^n^ 


I IVUTiUl IQjlD^DSEEI] EHOEEEIEEQiXID OQSiEDIQlIES EESDSDIBlDiS I 




EEiEiiiiEiHiniaiBiEEanjagHrEgniiaiEaniniEsnaiEaEiiEagiiiBDiEBiEB 


!adilJlEEI!3inBtEBniltl!S^rT!irn]rrriiTOtr!nif:i:i»:t»iiCTn:TiiTJinTTiiTiiM:Hir.icin^ 


v/»i:>tingnirafrffiiTgnn>tiii4Hnrgiirny]ngnn^iM:Ui»i:ing^ngniTinn>nniTnniTiniW[TnnninninniTiinTyit^ 


7/»rj»iiEj]iHiiiarrarmnaii??iiran?iifan?:iinnn?Rn?iinin7in7nimtTyainnn7iinHinniTiinriiTiin?itia.iiiaHiniin?3rnal 


0 1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-59. Programming Format Sheet, PALI 6X4. 
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DATE: PRODUCT TERMS (0-63) 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 B 9 10 It 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


|li2Z»liJJElBIEiBlBlEiEiBlBiBlBlElEIE3EiEBiiiaigtgigtgiaiIiigiBIEailliIltgiIjllIlia| 


"ISSBBBBBBaSSSBBSaSSBBSBBSSBBSasr 


^ Z W 

cr Qc s 

CO lU < 






ICSEni3Q3l31ig^igi^Eiigi3iE3B31i]QaEa!lI3EH]in3Enilj9li9liIlE9CIiliailiaEaCI3E13C3l^ 


iBBBBBBSBBBBBBBBB 


|r?i^iif?!imTOn;iffinjii?iiiiniii!Mniniinapiinnl|p?ii?iiinnTFimiiiMHitinrip3ip3ii7:H3:iiiiininij*ijal 




fivuu »i [yniFinF^nFiii [Fniyai Fnirw tFUfFTHvii fvjii ffiRfFJnfRafFja n^imfrannn rennccwitTaiTOi ntraikTnntnncH I 


ISBSSSBSBBBSBBSSBBBSSSBSSSSSBBSSS 


|i77>T^innitnitMmnfFninjimriigrj»tfiiiraronirnfgTaigriiigiJiFran?rnfmtran?inii?niiaan?iiiTOn?ifi:tnnjfi^ 


|F/t7nninininiiryin^rTTiirnn:7^n^n;nirnFi^niTnfT!TafT!nitrTin!T3t¥mimiirfaif]nrentFnnFni^HtM;ii?n 


|tL!^ilil»i<FniTiinTiiTinti!tit^|4n?nininn!TiniTin!7iin!Tntiii>iii!iiiiTiT3nn3n;TiniitijritfcHtraiT!nn!Tiniwtm 







ii?WTi»itnniT3n iTiiirafrairamiin?in?ninini:^n?nn3>iinniT?iiijjfijnimirangin7iii3an3Hiii»iinimnjiinnin>iin»iin3in3 | 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-61. Programming Format Sheet, PAL16A4. 




24-163 


PAL Design 












Application Suggestions 



National 

Semiconductor 


Application Suggestions 


Programmable Logic 


Using PALs, you may not only replace conven- 
tional logic in existing products but also op- 
timize the design of new products. The other 
chapters of the book discuss the PAL concept 
and provide Information on the advantages 
gained and the techniques used when design- 
ing with PALs. This section shows practical ap- 
plications that range from simple logic gate 
replacements to complex control sequencers. 

Each example is presented as a complete PAL 
design, carried through step by step, from the 
selection of the best PAL to solve the problem 
to the writing of the logic equations in 
PALASM notation. In most cases, manual 
coding Is shown as well. This makes the ex- 
amples complete enough for you to incor- 
porate into your own system designs. 


Here is a list of the design ideas you’ll find in 
the ensuing pages: 


Example 1-Basic Gates PAL12H6 

Example 2-6-Bit Shift Register PAL16R6 

Control store sequencer PAL16R4, 

16R6 

Memory-mapped I/O PAL16L2 

8080 Control Logic for CPU Board . . . PAL16L8 

Hexadecimal Decoder & Lamp Driver . PAL16L8 

Hex Keyboard Scanner PAL16R4 

Micro Floppy Control Logic PAL14H4 

Between-Limits Comparator PAL16X4, 

16C1 

Priority Encoder with Register PAL16R4 

Quad S-line/l-line Data Selector PAL14H4 

4-Bit Counter with Multiplexing PAL16R4 

4-Bit Up/Down Counter with Shift ... PAL16X4 

ALU Accumulator PAL16X4 


The uses to which PALS can be put are virtually 
limitless. Let your imagination run wild! 


EXAMPLE 1: 
BASIC GATES 




PAL 12H6 

c 

D 
F 
G 
M 
N 
P 
Q 
I 

GND 



This example demonstrates how fusable logic can implement 
the basic inverter, AND, OR, NAND, NOR, and exclusive-OR 
functions. Note the one to one correspondence between con- 
ventional logic symbology and PAL logic symbology. The 
PAL12H6 is selected because it has 12 inputs and 6 outputs. 
For this this example, the fuse pattern is generated using 

a) PALASM 

b) Manual Programming Format (BHLF) Manual Coding 
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Manual Coding Basic Gates 


INPUTS (0-31) 


9 10 11 12 13 14 IS 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 


itvi«j;i»i oi^iiii'iiBnigiKiiiraKi ffi gBCTn ffiBiiiiiniriniiRnyiiniHiTiiiiiriinnTnrnfFmjiiiiniiii 


le9fc3LaEaiEZ]l^;i£3E!3ft3R3ClCll 


^E3i^iaiafcafi^-4i3rafc2aEjrara^&;iiZi^zifc':a^zflfe:ifej 

^ClClElOGlIIllOClElElClGIIOiniGlClClClClClClCIEICliaiaClClISiClClC] 

lr.7«J:ltl KilCT gyiBclgngairiniiriRlf71iriffTlgriiIlCTiTilKTliyiKlKglinaiTlRltTlictlgTlgTll l^l(Til BlKn 

|»^iiF3^F3^FaE3F3BClCll^P3ClG]r3E^C]G]FJ&iC]CiraE^»EaE:di»»E:i 
laEdaE^EdEdaf^EdauMnMS!^mmBammr^EdmmaEdEAF3F3F3E3iEd 
ICICICICICIEICICIEIEICICICICICICICICIEICICIEICICICICIEICICICICICI 

llV/iT-TtirraCTgVICTgnilll^gTlPlgTilgTlI^iTllgT^iTliTlhdil^illjFlBclKlBaCTiniCnilHlETlCTlP'ilCTilCTCTa 


[aciiarararararaiaiaiararaiiiraiaciGiEicicil 




iBESaBBESQID 


IBBBBBBBBBBi 


CO 7 UJ 

X cc S 

CM UJ < 

^ t z 


I FilF^F3EjESE3QE3QEJCllIlQCJiaClEsiE^ClClQE3ClClEaEJaE:iiQP^QFJ 

GlClClClClElClGlClImlClClClClIIlClElCliaClEllllGlGliaillllllllllllllCIIU 

n BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


BBBBBBBBBBBB 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
.Z3BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

IClElCIClGlCIGIGICainiClCIGIElGlClClGlCliaClIIlGlBCIElGllllBUIUIB 

rczzanaoiBBBiziiaGiBi^iocQEaisiEsiEiBiniEiiEacoEDEacaciiijiiED^ 


I BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BrararararaciEaciEiciciciEaciciciciciciGiciEaciEiciciGiEiciEici 


iBBBBBBBBBBBBBBBBBBBIl 


- irarararararararaciciciciciaciciciciciciciciciciiaciciciEiiacici 

|rv«TiiiiwiirTinrmiriTiiiTiTiiTn^iTiTini]iTT:iiiintTiTiniTn uii>iiitintfiT^niTanmi iniiiH nkirinnntinfni[inn^ 

IGlClIIlClGlClClClGlElClIIlEllIIClClClClCIClCliniClClBlGlClClIjniClClCI 

l^:lE3^10E3^fc-iK^.^E3E^rarafr:iK3Brai^7J(ZJraiaKJEZ9ClElEiiiaE3E3E3K;iFjiEZIE7i 

!E3E3»7JEZ]I^ra»:%lfc3KlEICIi^E3ClGlfe.^OClCI^I2JEaiClEieaE3EaEaR3EaE:9 

Uv;>Tn»it¥iniwitTOTOntiiin^fFrirFyiiFntFniy7iti^rRiiiyinn?iiw3ffnntnntTireTnniTin(T:incTiiitV^ii(»i[FtiniTiti^ 

irararararaBciciiaEiciGiGiciciciciiniciciciciciciciiiiiniciGiiiicici 

|i^iraR3l!:aElE3E3E:9ElR3ClClE2e:aiIlCli;^lc3CIGli!3E3C]ClE2fi!:flKai:3fc^raC2E3 

_ J f3raaFHrarat3E3caEaciciE3Facicig3aciciaaciciEdiai3rjEaaaa 

|iv/»T:Ui irTn iimfrafnirmirann?irn3 mnmit ra[nn igT*imii iiT3riTa n^iCTiTOn^n^n?Hn^iTO n^fCTrefiii^:iiufi^n^n?r3^ 

IBGICIG] GICICICI BClGlCliaElClC] BCIEIGI GIGIGIEI CIGIEIGIEIGICIGI 

|G^e9raOOOi3E:jrjrararaEI2EI2BBE!aEZ9BBI^EZjBBQC^BLC=iK,lE3KJEa 



| i\7»T:iiirrnii:ii».ijmnir;tiimrT?:tn:VJir?:ifrnrTO rnn rT?ainntT:Tin.ii tiiiii¥n[¥W[¥Fireni¥iitt¥niTOnFiitTnt¥ni?int^ 

I BBBClIIlClIIlClClClClIIlClElClClElGlGlClClClGliniClClClClClEllilCl 
F3»raQQEaBQIQR3GlGIEJQGlC]raE3C]C]»CJClClQBQFBCJ»ril» 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

ir^^ziiiirrnifiTifTTiiricwniirnfmnTinTifrnrTTiniTntrT^nTiiTiTi niTa ftTiininTimnniiiranjTitinitm 

|i:ii:ii:ii:ii:ii:ii:ii:ii:ii:ii!ii:ii!ii:ii:ii7iim:ii:ii:ii:ii:ii:ii!iKii!iKiiiii:iini7ii?i 

IBBBBBBBBBBBBBBBBBBBI 

IBBBBBBir 

IBBBBBBDL 

[cEiiia EEaimnaiiB iniiEHinanB D3DiiH[ii!n33nsn3iin3iiEa ni0ii3iiE0iiiB Dinn^ 

irararauiGiciciciiDiciciciiaiEaGiciciciciciciciciciKiGiiaGiciciEiE] 


| tv/flniin?niT»nn>nn3niTgiirnn»rtrrwngniran^n?ntTg>in^iR3iTg3rriTnitBi niHntin tTirinTntrTit^ 

irararaCIClGlCIGlClClClIIlClElClClGlCIEIClClClGlClClCICIEliniElClCI 


|iv;«i:iii nTiiminriirairaitmin;iii^iiij:iinin?niT?iiri>iiijniT?iin3 n?iiniiiii't ii*iimnaiTri n^iiij:i iT3in?iiii:iiii»^innmnTii 

IKiiiigTB KiKi gngi nTiiii iiMKi rniRi KigiiRHTiRiKiiTirariRigiigniiinininnigiigyi 
|BBBBBBBBBBBBBBBBn~ 


BBBBBBBBBBBBBBBBBBBBD 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB, 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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PALASM Output: Basic Gates 




BHLF Format PAL12H6 

BHLHHF 

BHHHHF 

BHLHHF 

BHHHHF 

BLHHHF 

BHHHHF 

BHHHHF 

BHHLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

-BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

, BLLLHF 

BHLLHF 

BHHHHF 

BHHHHF 

BHLLHF 

BHLLHF 

BHHHHF 

BHHHHF 

BHLLHF 

BHLLHF 

BHHHHF 

BHHHHF 

BHLLHF 

BHLLHF 

BHHHHF 

BHHHHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BHLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLHHF 

BLLHHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BLLLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHLHF 

BHHHHF 

BHHHHF .BHHHHF 

BHLHHF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHLLF 

BHHHHF 

BHHHHF 

BHHLLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHLHLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF, 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHLLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHHLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHHLLF 

BHHLLF 

BHLLLF 

BHLLLF 

BHHLLF 

BHHLLF 

BHLLLF 

BHLLLF 

BHHLLF 

BHHLLF 

BHLLLF 

BHLLLF 

BHHLLF 

BHHLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLL'LF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 

BHLLLF 
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PALASM Output: Basic Gates 


Fuse Plot PAL12H6 


LEGEND: 





11 

1111 

1111 

2222 

2222 

2233 



0123 

4567 

8901 

2345 

6789 

0123 

4567 

8901 


0 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


1 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


2 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


3 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


4 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


5 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


6 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


7 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


8 

— 

X 

--00 

--00 

--00 

--00 

— 



/A 

9 

xxxx 

xxxx 

xxoo 

xxoo 

xxoo 

xxoo 

xxxx 

xxxx 


10 

xxxx 

xxxx 

xxoo 

xxoo 

xxoo 

xxoo 

xxxx 

xxxx 


11 

xxxx 

xxxx 

xxoo 

xxoo 

xxoo 

xxoo 

xxxx 

xxxx 


12 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


13 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


14 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


15 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


16 

x-x- 

— 

--00 

--00 

--00 

--00 





C*D 

17 

xxxx 

xxxx 

xxoo 

xxoo 

xxoo 

xxoo 

xxxx 

xxxx 


18 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


19 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


20 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


21 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


22 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


23 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


24 

— 

X 

--00 

--00 

--00 

--00 

— 



F 

25 

— 

— 

X-00 

--00 

--00 

--00 

— 

— 

G 

26 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


27 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


28 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


29 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


30 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


31 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


32 

— 

— 

--00 

-xoo 

-xoo 

--00 





/M*, 

33 

xxxx 

xxxx 

xxoo 

xxoo 

xxoo 

xxoo 

xxxx 

xxxx 


34 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


35 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


36 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


37 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


38 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


39 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


40 



— 

--00 

--00 

--00 

x -00 

-X-- 



p*/( 

41 

— 

— 

--00 

--00 

--00 

-xoo 

X--- 

— 

/p*( 

42 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


43 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


44 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


45 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


46 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


47 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


48 

— 



--00 

--00 

--00 

--00 



-X-- 

/I 

49 

— 

— 

--00 

--00 

--00 

--00 

— 

---X 

/J 

50 

— 

— 

--00 

--00 

--00 

--00 

X 

— 

/K 

51 

xxxx 

xxxx 

xxoo 

xxoo 

xxoo 

xxoo 

xxxx 

xxxx 


52 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


53 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


54 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


55 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


56 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


57 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


58 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


59 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


60 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


61 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


62 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


63 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 


X : 

FUSE 

NOT 1 

BLOWN 

(L,N 

,0) 

_ . 

FUSE 

BLOWN 

( 


0 : PHANTOM FUSE (L,N,0) 


PHANTOM FUSE (H,P,1) 


24 
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Application Suggestions 




Application Suggestions 


EXAMPLE 2: 

6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 



24-170 



PRODUCT TERMS (0-63) 


Manual Codii 
with Three-S 
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Application Suggestions 







Application Suggestions 


Manual Coding: 6-Bit Shift Register with Three-State Outputs 


INPUTS (0-31) 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


I ivM;i»i gi— laiKi giKiiii ia gigii!ira raiiiraia itiiiiifufi ktumiraifi liJiiiiniBiiiiiiniiin 

I gJili’iltJriiCT Bli^ElEI E1B1B3E1B1EI1E1E] EQilliEiiEi l£]i9iIiE3 iHBliElini iHiTil tHiTl 

^^^E^k:5y:3y7Iy7iy7Ml^.^ym:n:Ba[^W3y7MyJiy:il^y:iWJ^FA^7i^Mrs^^.^»l^IiW5way:B^/IirAy:^yJi 


CO z liJ 

I tr 2 

CM UJ < 


y7MawBW3yJBymy!APA\t7A^7A^^^k^^G?MeAJSA^^£3¥7Blin^fm:5^§^^i^fIi™^l^f:AEMmw:A^in 

_^ F^EfiKji!aF^FjiB4g4Fj<FiiFiiEiFJElFjiFJ&iraFjiF^P4gaE^jEiyaMRiPJMFiiMRi 
I iWT:Tii f?iraf^i3riiiniHafiTiiiiiHiiHiirrii;niiH»iii.i»igTii rii t^iigiii^i*ici fZliBiBliil wiKiifinn iiafiiifiiiii 

|»(^fe3b^iai;?ll^lR?afelFa^/lR^OE3R10OOE3^:iKaiLlilKai^J]t£9raEiaE4ili.lE3 

i FJiFiiFJiF^FiiFJitaFJFjiFJFiiFjiriirjiaririEarariRiFiirjrjMriiF^MFjrjiFjiFji 

l iV^«l;>t^f!Tlt:<ll:i'ii:i;i8;Li| [i1j |liTlf!T^llTlliCTIT!^iTlin*iinnifiT^iniIiTilliIii:Kli!TlICTinjMl^ffCTtT^ 

^^r4iaEj»F^CiiMrjc3FJirai!!jrjicjrj»rjoiFj»iFjF4FdEjrj»nrJFiaFfflr4Fja 

lFaEirjHrJHHFaP3i3FJFiiFlFiiEJEaEiE3E3FJEJEiEJCJiEJFaFiFilEiiBFJrii 

icQiaaixiiiiEaiaiziEaEsioioiEEiizioiBai^iciiaEEiGiEsiEoiiiiiiiiniEainiiioiEai^ 

^^F4»»EJE^Fj3»P3BiaQiClia»QirjrilFi3D9FaF3EaFaFaElFaFaPaF 

lEiEdF3EJElE3F^QIFJ»»IEaH»»iFJEJF4ClE:9FiiEJFJQIFJFJFd»E 

lEJHFJEJFdlF-aEJEiF^EJEJEdlRiraMF . 

ICdlEJMFJEJEJEJFJFarJFJFJFJFdiaFaFaFJrail 

I i*.’i4:wi rfii^ifgirn mmmfgi migifguiin QSIHillHlIHlIllQIillliBiCE] i>itii*iHifiiii«yiiiiiniii!ifii3 iTaiiiiiiiiiiiq ■ 

|FiFi»»»MFjF4»nHr4F4ir4riEiF4F4»E4r4PiiEiFi&!Fjr4r|F|F4r4riil 


l»»Fii&i»&iFaE^ac4FacjF4«r4EdEiEa&iaaaEa»Ea!aEiaQiEaEJs 

._ h7Aa^JlkII^^E^J^W:A^IA^l^97AeA9JA^7AEdnhJ!i^J5^Ii%!AJ^:MkJ5^IAW:5^alLISrA^ 

| ivf*i:itiirTiiiTiiirryiiFn irniratrritini ninniTiifrntrTntf:i*itiiTnirTifrTironiFni¥F]priitirirent¥nyFii fwiifniFUitn tw>itfiiiffnffn 

^^FiiFilEiF4FilFilFjiF4EiEJQFaQIFaSE4^EJE4FilF4FJFJEJE4FJEilFaEdEJ&IF3 


IF4F4E3F3FilFilF3!^FaFaFaF3FaF4FiF^FiiF3EdBF3FaFiiFiiFijFlFiir4FiiF4FiiF4 
.““““““““““““““““““ziz^QFaFUFaiaFaFJFafaEaEaEi 
|FidFilF-iFilFaFi!lE2iFaF^FaFidFlF3F4F4F3F^FdFdF3F4FJFiiFaraFaF3pFi4F3FJFJi 
i aaFiiF4F4aE3FaEJFaFaP4FJF3FaF3igF4aKHE3BE3Ea5JigaiF3F3aF3 

i F^inti iFTiiCTtrwfnniTOtTOgrTHtTOnTirTOn^T^inBirran^ niBnit^nnn irn ffTininn^rrHiniiTO 

^~^F4FiiF3IOiCJEaraEJraF4FJF3FJF3F4F^FJFlF^l^r3r3FlF3F^»EJF3FiFaFjF3 

!EJFiFIFaEJFJraEaFJFJF4F3F3F4FaFaF4FaE4F3FarjnFJF4FJF3r9BF4FJF4 

liVM:i»irnniT*nn4tinn[iT!imiHitr4iiHi iTgitTO tM:i »T»iiniin>n»Hi»iinnm niB niinnmnTPi[Tnjirry]niintTiTi t^ 

^^^FaFlFil»E40Fa0EaE3FJFIFi9CJrasraF3Faf^F3pC!iraF3SFaF4Fif^0 
|EaElEJFaFJEJRiFJFdiFaFaF3FaE4F4FlFJiFaFaraFJQ»BpF3FaFiFJ&ir3F3 
jFiiFiaFaEiEaiaEiEaEJ!aFaFaEaFa!gFacaraFiraF4F3F4FjraFii 

9FJFJFJFJF4raF3F4UElFdlFaF3»F3aFiF3F3nF^EdFaFJ&9!^ 

1 imimiminn DUIOSEISDa EOilEIllDlSDID asuiDlIIlilia nUDSmSDS OZIIISDSIGQ nUEIEIEBiJIlin iia»tlli»1tnann 
^^FilFacaBF4FaF4F3F3F4rjFJE4E4E3F3PraF4FiiF3F4r3FJF4FiiFijF4FiiEaFdlFJI2i 
ll3i3FJFi»FllF3FaF3raFiQiF^FilF4F3F^FaBF4FJrJF3r4Fiiriil^FlFil&iF-3FJi 

lEJEJHFagraFaaEJFiFJ 

9E3RiFaFa^BEaFJFJFJFa 



UJ O 2 47 
1“ Oi 39 

<! 

Q 
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PALASM Output: 6-Bit Shift Register Design Specification PAL16R6 

with Three-State Outputs 


PAL16R6 PAL DESIGN SPECIFICATION 

PAT0005 

6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
MMI ,SV 

CK SR DO D1 D2 D3 D4 D5 SL GND /E R I LO Q5 Q4 03 02 01 00 LIRO VCC 
IF(SR*/SL) /LIRO=/QO 

/QO := /SR*/SL*/Q0 + SR*/SL*/01 + /SR*SL*/LIRO + SR*SL*/D0 
/Q1 := /SR*/SL*/Q1 + SR*/SL*/02 + /SR*SL*/00 + SR*SL*/D1 

/02 ;= /SR*/SL*/02 + SR*/SL*/03 + /SR*SL*/01 + SR*SL*/D2 

/Q3 := /SR*/SL*/Q3 + SR*/SL*/04 + /SR*SL*/02 + SR*SL*/D3 

/Q4 := /SR*/SL*/Q4 + SR*/SL*/05 + /SR*SL*/03 + SR*SL*/D4 

/05 := /SR*/SL*/Q5 + SR*/SL*/RILO + /SR*SL*/04 + SR*SL*/D5 
IF(/SR*SL) /RILO=/05 

DESCRIPTION: 

THE e-BIT SHIFT REGISTER WILL HOLD , SHIFT RIGHT, SHIFT LEFT, OR LOAD 
ON THE RISING EDGE OF THE CLOCK (CK). 

THE THREE STATE OUTPUTS ARE HIGH-Z WHEN THE ENABLE LINE (/E) IS HIGH AND 
ENABLED WHEN ENABLE LINE (/E) IS LOW. 


INPUTS ! OUTPUTS 


SL 

SR 

RILO ! 

LIRO 

! CLOCK 

! RILO 

05 

04 

03 

02 

01 

o 

o 

LIRO 

OPERATION 

L 

L 

X ! 

X 

1 L-H 

1 Z 

05 

04 

03 

02 

01 

00 

Z 

HOLD 

L 

H 

RI ! 

X 

! L-H 

! Z 1 

Rl 

05 

04 

03 

02 

01 

01 ; 

1 RIGHT SHFT 

H 

L 

X ! 

LI 

! L-H 

I 04 ! 

04 

03 

02 

01 

00 

LI 

z 

! LEFT SHFT 

H 

H 

X ! 

X 

! L-H 

! Z 

D5 

D4 

D3 

D2 

Dl 

DO 

Z 

! LOAD D 


NUMBER OF FUSES BLOWN = 818 


PALASM 

Output 




















HEX 

FORMA' 

E 

1 

F 

F 

F 

F 

F 

D 

F 

F 

F 

B 

F 

F 

F 

7 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

0 

F 

F 

1 

F 

F 

F 

F 

F 

F 

E 

F 

F 

F 

D 

F 

F 

F 

B 

F 

F 

F 

7 

F 

F 

F 

F 

F 

F 

F 

F 

F 

1 

F 

F 

E 

0 

E 

C 

E 

E 

E 

A 

E 

E 

E 

6 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

0 

E 

E 

E 

0 

E 

E 

E 

E 

C 

E 

E 

E 

A 

E 

E 

E 

6 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

0 

E 

E 

E 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 



BHLF Format PAL16R6 

BHHHLF 

BLLLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHLHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BLHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BLLLLF 

BHHHHF 

BHHHHF 

BLLLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHLHHF 

/ BHHHHF 

BHHHHF 

BHHHHF 

BLHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BLLLHF 

BHHHHF 

BHHHHF 

BHHHLF 

BLLLLF 

BHHHLF 

BHHLLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHLHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BLHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BLLLLF 

BHHHLF 

BHHHLF 

BHHHLF 

BLLLLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHLLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHLHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BLHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BHHHLF 

BLLLLF 

BHHHLF 

BHHHLF 

BHHHLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF ' 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BHHHHF 

BLLLLF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHLHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHLHHF 

BLHHHF 

BHLLLF 

BHHHHF 

BHHHHF 

BHLLLF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHHF 

BHHHLF 

BHHHHF 

BHHHHF 

BHHHHF 

BLHLHF 

BHHHHF 

BHLLLF 

BHHHHF 

BHLHHF 

BLHHHF 

BLLLLF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF ' 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHLF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHLHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLLHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLLLLF 

BLHHHF 

BLHHHF 

BLHHHF 

BLLLLF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHHLF 

BLHHHF 

BLHHHF 

BLHHHF 

BLHLHF 

BLHHHF 

BLHHHF 

BLHHHF 

BLLHHF 

BLHHHF 

BLHHHF 

BLLLLF 

BLHHHF 

BLHHHF 

BLHHHF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLLF 

BLLLr.F 

BLLLLF 
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PALASM Output: 6-Bit Shift Register Fuse Plot PAL16R6 

with Three-State Outputs 


II 111 ''ll'' 2??? 2222 2 ? 1 1 

0123 4567 8901 2345 6789 0123 4567 8901 


0 X -X-- SR*/SL 

1 ___X /oo 


2 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

3 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

4 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

5 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

6 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


8 

9 

10 
11 
12 
1 3 
1 4 
1 5 


-X-- ---X -X 

X X x 

-x-x X- 

X — -j:-- X- 


XXXX xxxx xxxx xxxx xxxx XXXX xxxx XXXX 
xxxx XXXX xxxx XXXX xxxx xxxx xxxx XXXX 
xxxx xxxx xxxx XXXX xxxx xxxx xxxx xxxx 
XXXX xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


/SR*/SL*/Q0 

SR*/SL*/01 

/SR*SL*/LIRO 

SR*SL*/D0 


] 6 
1 7 
18 

19 

20 
21 
22 
23 


-X-- X -X-- 

X--- ---X -X-- 

-X-- X X 

X -X-- X 

xxxx XXXX XXXX xxxx XXXX xxxx XXXX XXXX 

XXXX XXXX xxxx xxxx XXXX xxxx XXXX XXXX 

XXXX xxxx XXXX XXXX XXXX xxxx xxxx xxxx 

XXXX xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


/SR*/SL*/01 

SR*/SL*/Q2 

/SR*SL*/00 

SR*SL*/D] 


24 -X-- ---X -X-- /SR*/SL*/02 

25 X--- ---X -X-- SR*/SL*/03 

26 -X-- ---X X--- /SR*SL*/Q1 

27 X--- -X-- X SR*SL*/D2 

28 xxxx xxxx xxxx XXXX XXXX xxxx XXXX xxxx 

29 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 

30 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

31 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


32 -X-- ---X -X-- /SR*/SL*/Q3 

33 X X -X-- SR*/SL*/Q4 

34 -X-- ---X X--- /SR*SL*/Q2 

35 X--- -X-- X SR*SL*/D3 


36 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

37 XXXX XXXX XXXX XXXX XXXX xxxx xxxx xxxx 

38 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 

39 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 


40 -X-- , ---X -X-- /SR*/SL*/Q4 

41 X--- X -X-- SR*/SL*/Q5 

42 -X-- ---X X /SR*SL*/03 

43 X -X-- X SR*SL*/D4 


44 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

45 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

46 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

47 xxxx XXXX xxxx XXXX XXXX XXXX XXXX xxxx 


48 

-X-- 

— 

— 

— 

— 

— 

---X 

-X-- 

/SR*/SL*/05 

49 

X--- 

— 

— 

— 

— 

— 

— 

-x-x 

SR*/SL*/RILO 

50 

-X-- 

— 

— 

— 

— 

---X 

— 

X--- 

/SR*SL*/Q4 

51 

X--- 

— 

— 

— 

— 

— 

-X-- 

X 

SR*SL*/D5 

52 

XXXX 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


53 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


54 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


55 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


56 

-X-- 













x 

/SR*SL 

57 

— 

— 

— 

— 

— 

— 

X 

— 

/05 

5 8 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


59 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


60 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


61 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


62 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


63 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


LEGEND 

: X 

: FUSE NOT 

BLOWN (L, 

N,0 ) 

- : 

FUSE 

BLOWN ( H , P 
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Application Suggestions 


CONTROL STORE SEQUENCER 

Solutions to control store sequencing are as 
varied as the problems that are solved by 
microprogrammed hardware. The traditional 
approach tends to be horizontally structured, 


whereas the application described here is 
designed for use with a vertical control store 
structure. The vertical control store has narrow 
control fields and may share field functions to 
increase efficiency. It Is fast. 



CONTROL 

STORE 

ADDRESS 


Control Store Sequencer Logic Schematic. 


24-176 



How It Works 

This control store sequencer is designed to 
use a minimum of control bits while providing 
sufficient sequencing flexibility. Only three 
bits are required for the basic sequencer con- 
trol. They make three things happen: 


CSA = CSA + 1 Increment control store address 
CSA = CSA + 2 A sort of branch Instruction 
CSA = BA Load a branch address 

The three control bits are SKIP, COND, and TF. 

Skip defines whether the sequencer will skip 
or load. 

Cond is the condition that is tested to see if 
the sequencer executed the operation defined 
by Skip. 

TF defines whether Cond Is tested true or 
false. 

Table below lists all of the states the se- 
quencer can assume. 


Sequencer States 


Skip 

Cond 

TF 

Operation 

0 

0 

0 

Load 

0 

0 

1 

Increment 

0 

1 

0 

Increment 

0 

1 

1 

Load 

1 

0 

0 

Skip 

1 

0 

1 

Increment 

1 

1 

0 

Increment 

1 

1 

1 

Skip 


There are two additional control bits, whose 
use is left to your discretion. They are /SET and 
/TSEN. 

/Set is a synchronous preset that Is usually us- 
ed as a power-on reset; however, it may also be 
used as a one-bit vector to the last ad- 
dressable location during normal operation. 

/Tsen Is the enable for the TRI-ST ATE^M out- 
puts. This has several possible uses, one of 
which might be testing the hardware by the 
method of disabling the outputs, then supply- 
ing a test address from an external source. 

The sequencer generates ten bits, which are 
divided into two parts. The least-significant 
four bits are constructed from a PAL16R4, and 
control the skip operation. During a skip, the 
state of the LSB is maintained and the next 
three bits function as a three-bit binary 
counter. During an increment, all four 


least-significant bits function as a binary 
counter. Carry out (/CC) is generated during 
skip when CSA-) through CSA3 = 1, and during 
Increment when CSAg through CSA3 = 1. 
Load (/LD) is also generated by the 
least-significant part, as a function of CCND 
and TF. (See table below.) 


/LD States 


TF 

Cond 

/LD 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 


The most-significant six bits are constructed 
using a PAL16R6, functioning as a six-bit 
binary counter with carry-ln (Cl), synchronous 
load (/LD), and synchronous set (/SET). There Is 
an extra pin that can be used to generate 
carry-out If you need more than ten bits. 

System Integration 

Cne of the first features that is desirable from a 
system standpoint is the expansion of the 
CCND input to accommodate more than one 
condition for testing. The can be done nicely 
by using a 16C1 as a multiplexer. In this 
scheme, four terms are used as input selects. 
This leaves 12 terms to be used as condition in- 
puts. This might seem wasteful at first, as 4 
select terms could decode 16 Inputs. Using the 
PAL, however, it is only a superficial waste, and 
the trade-off is the greater design flexibility 
you have by comparison with a standard 
multiplexer. 

Cne CCND output should be either true or 
false in order to generate unconditional in- 
crements, skips, or branches. The true or false 
state needs only to be a function of the four 
select terms, and doesn’t require a condition 
input to be grounded or pulled up. Cther func- 
tions, such as AND, CR, or XCR, can be per- 
formed on the condition inputs Internally, 
too— functions a multiplexer would force you 
to design in external logic. 

The following Figure shows how the sequencer 
design described here can be integrated into a 
system that provides subroutine capability. In 
the figure, the same control-store field is used to 
generate literals and branch addresses. 
Subroutining is accomplished by loading the 
return address into the register file before the 
subroutine jump is taken and then reading the 
return address out of the file when the 
subroutine’s return executes. 
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Control Store Sequencer, 
Most Significant Stage 


Design Specification PAL16R4 


PRL16P4 PRL DESIGN SPECIF ICftT ION 

PRT 

C□r^TR□L ETDPE SEuUENCER? LERST SlbMIFICRHT STRGE 

CLK r^C TF Sf- IP - SET ERO ERl ERE’ ER? GMIi .••TSEM .-CD .- Lri 

II : R 3: II I. R E i: : R 1 C .I. R ij • • I H □ t ^ Ei C D f-l D v C C' 


CCRO := .■3ET^-irDr^ri^CSRi:i + .••::ET^!CDMri^;SKIP^-CSRi:i .•;SET^ICDrai^x-:SKIP^.--BRi:i 


CSRl := • SET^CSRu^CSRl^.-' ICDHEi + .•••SET^.--ICOriE^.--CSRO^.- CSRl 
+ . SET^ICDHEi^SK IP4>CSR1 + SET^ Ii:DHD^.--;SK IP^-- ERE 


• CSRE := .••■ SET^.-'ICDMEi^CSRu^CSRl ♦CSRE + ••••■SET^.--ICDhD^.--CSRi>.--CSRE 
+ .■••SET^.-LD^.-CSRl^.-CS + .SET^-'ICDr^D^SKIP^CSRl^CSRE 

+ SET^ I CDHEi^-- SK I P^-- ERE 


•••CSRS := .•■• SET^.-'-ICDMEi^CSRCi^CSRl ♦CSRE^CSRS 

+ • SET^.-- ICDHri>.- CSRCi^.- CSR3 + .-•SET^.- LD^^.- CSRl ♦■-■CSRS 
+ SET^-'LEi^ - CSRE^.- CSRE + ••■•SET'^ICDND^SKIP^CSRl ♦CSRE^CSR3 
+ •• SET^ I C□r^rl♦/ SK I P^ -■•ER3 


IF'Sv'CO CD = CSRri^CSRl^CSR£>CSR3 

+ TF^CDMD^SK I P^CSR 1 ♦CSRE^CSRE 
+ TF^-- CDHEi^S K I P^CSR 1 ♦CSRE^CSRE 


IF'.-VCO ICDNIi = TF^CDMEi + TF^.-CDHIi 


IFvVCC;;' LD = TF^C:DNri^.--SKIP + .-■TF^.-CDME^/SK IP 


DESCRIPTIDH: SEE TEXT 



Control Store Sequencer, Least Significant Stage, Design Specification. 
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Control Store Sequencer, 
Most Significant Stage 


Fuse Pattern PAL16R4 


TF^COHD 

•TF^-CDNIi 


•3ET^- ICOMD^C'IRO 
• ET# I CDNIi^ i H I C Z fi i.'i 
• : ET^ I C DND^ I tR 0 


: ET ♦»: : R o^c : r i ♦ i c onD 
; ET^.- I C ••• CGR C' R 1 
ZET^ICOND^SK IP^CSRl 
• : ET^ I CDMD^ -• : K I P^-- BR£ 


:et^- icoriD^c -:.Rt>c iri^c ire 

••'lET^-- 1 C C -Z R ' CSRE 
•SET^^'LD^.^ CSR 1 CSRE 
•••.: ET^/ I COND^SK. I P^C SR 1 ♦CSR£ 
• :;£!♦ ICDMD^/ SK I BR£ 


•■■■Z ET^.'- 1 CONIi^C S R »CSR 1 ♦CSRc'^CSRS 
•• S E T ♦ I C □ h D ♦ C S R 0 ♦ C SV^ 3 
••• S E T ♦ L B ♦ C S R 1 ♦ «: S R ;3 
• ■ E T ♦ L I' ♦ '• C S R E ♦ •: S R :? 

SET^ I CDMD^SK I P^C SR 1 ♦CS RE^CSRS 
-SET^ I CDMri^.--SK I P^.'- BR3 


TF^CDMri^.'SKIP 
••TF^' CDND^' SK IP 


c SR o^c SR i^cs re ♦CSR3 

-X- — :•••:- tf^cdhI'^sk; I p^r SR i^csR£^csR3 

-X- — X- . TF^.-CDHri^SK IP^CSRl^CSR£^CSR3 


Control Store Sequencer, Least Significant Stage, Fuse Pattern. 
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Control Store Sequencer, Design Specification PAL16R6 

Most Significant Stage 

PfiLlt.R6 PPIL DESIGH SPECIFICPiTIDN 

PRTOOc”? 

CONTROL STORE SEQUENCER » MOST SIGNIFICRNT STRGE 

CLK .-SET ER4 ER5 ER6 ER7 ERR ERR .--LD GND ••-TSEN NC CSRR CSRS CSR? CSR6 
CSR5 CSR4 .-Cl VCC 


•• CSR4 := .•-•.SET^CSR4^CI^.--LD + .••-C:SR4^.-CI^.-Lri^.-SET .•-SET^Lri^.-ER4 


.•-CSR5 := .••-SET^CSR4^CSR5^CI^.- LE + .•-•SET^.-- CSR5^.^X: I ♦••- LD 
+ .•-•SET^.-CSR4^.-CSR5^.--Lri + .••-SET^LD^^-BR5 


.-CSR6 := .•••SET^i:;SR4^CSR.'5^CSR6^CI^--LD + .-SET^.-CSR6^.-CI^.-LD 
+ .••-CSR4^.-CSR6^.-Lri^.-S + .-SET ♦.••-CSRF.^.-CSRC^-- LD 

+ .•-SET^LD^.-ER6 


••-C. 


:R7 


.•-•SET^CSR4^CSR5^CSRR^CSR7^CI^.-LD 
+ '••-SET^.-CSR7^.--CI^.--LD + .^-SET^.-CSR4^.-CSR7^.--LD 
+ .•■-SET^.-CSR5^.-CSR7^.-LD + .--SET^.--CSR6^.-CSR7^.--LD 
+ Lri^.--ER7^.-SET 


.--CSR8 := .■•-SET^CSR4^CSR5^C:SR6^CSR7^CSR8^CI^--LD 

+ .- SET^.--CSRS^.-CI^.--LD + .•-SET^.-CSR4^.--CSR8^.-LD 
+ .•-SET^.-CSR5^.-CSR8^.-LD + .■-•SET^.'-CSR6^.--CSR8^.-LD 
+ .••SET^.-CSR7^.--CSRS^.--LD + .-SET^LD^.’-ERR 


-CSR9 : = .■•-SET^CSR4^CSR5^CSR6^CSR7^CSR8^CSR9^CI^.-LD 

+ .-SET^.-CSR9^.--CI^.--LD + .•-SET^.--CSR4^.-'CSR9^.^-LD 
+ .■-•SET^.-CSR5^.-CSR9^.--LD + .--SET^.--CSR6^.--CSR9^.'-LD 
+ .■■-SET^.-C;SR7^.^-CSR9^.-LD + .••-SET^.-CSfl8^.--CSR9^.-LD 
+ .■-•SET^LD^^-ER9 


description: 


THE b-EIT COUNTER INCREMENTS WHEN THE .-LD LINE IS HH5H 
IF CRRRY RND .-SET. THE OUTPUTS RRE ENRELED WHEN .-TSEN IS LOW. 


• 

-••SET 

■ 

Cl ! 

••-LD 

! CLK ! 

c 

:SR 

• 

OPERRTIDN 

1 

■ 

L 

1 

K ! 

x 

! L-H ! 

RLL. 

HIGH 

■ 

SET 

• 

1 

H 

1 

X ! 

L 

! L-H ! 

ER 


■ 

LD 

• 

• 

H 

1 

H ! 

H 

! L-H ! 

CSR 


■ 

NOP 

1 

1 

H 

■ 

L ! 

H 

! L-H ! 

CSR 

PLUS 

1! 

I NCR 

1 


Control Store Sequencer, Most Significant Stage, Design Specification. 
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Control Store Sequencer, 
Most Significant Stage 


Fuse Pattern PAL16R6 


xxxx ;-;xxx 


S;ET^C"h4^C l^^LL 
: Zfi4^y C I^/LD^''.SET 
:ET^LD^-BR4 




ZET^C.SR4^C SR5^C I^^ LD 
SET^/i: SR^^ ^ C I ♦/• LIi 
!ET^^ C CR4^.' C:- R5^-'LD 
‘ET^LD^/PR5 


•■:Z.ET^CSR4^CSR5^CSR6^i: I ♦/LD 
■ I E T ♦.'■'CSRb^'^ C I ♦■••• L L 
C ;:;R4^.'- C C.Rb^^- L D^-' -rET 
••■ Z ET ♦xC 2 r ?Z.R6^>' LD 

:?ET^LD^xiiRR 


— __y — — — — ____ — __y — — — — — V — — 


XXXX XXXX XXXX 
XXXX XXXX XXXX 


XXXX XXXX 
XXXX XXXX 


.'SET^CSR4^f:SR5^C5R6<4::Sft7^C I^/LD 
Z:ET^/CSfl7^.^CI^/LD 
.-SET^/CSR4^^CSR7^/Lr 
.-'SET^/CSR5^/-CSR7^/LD 
.••■•SET^/CSR6^^CSR7^/LD 
LD^/BR7^/SET 


<XXX XXXX 
•:xxx XXXX 


SET^CSR4^CSR5^CSR6^CSR7^CSR8^C I 

.'SET^/CSR8^/'C I ♦/LD 

.''SET^/C;SR4^/CSR8^/LD 

.••••SET^/CSR5^^CSR8^/LD 

.•••;Z:ET^/C.SR6^^CSR8^.''LD 

/SET^/CSR7^/C.SR8^/LD 

.•••SET^LD^/BR8 


.•••• SET ♦^Z S R4 S R5 ♦C S R6 ♦C S R 7 ♦€• S R8 ♦€ 
/SET^/CSR9^/C I ♦^LD 
SET^/CSR4^x-CSR9^/LD 
••• SET^/CSR5^^CSR9^/LIl 
.•••SET^/CSR6^/CSR9^/LD 
/SET^/CSR7^/'CSR9^/LD 
.••SET^/CSR8^/CSR9^/LD 
.••••SET^LD^^BR9 


XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX! 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 
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MEMORY-MAPPED I/O 

Memory-mapped I/O is an interface technique 
that treats I/O devices’ physical addresses as 
undifferentiated from memory address space. 
That is, no Memory-l/0 decoding is required. 
Furthermore, most computers have more in- 
structions to manipulate the contents of 
memory than they have I/O instructions. 
Therefore, the use of memory mapping can 
make I/O control much more flexible. PALs can 
be used to make memory-mapped I/O Im- 
plementation easy, even If changes in memory 
addresses are required. 


Functional Description 

The figure below shows a circuit that is typical 
of those found in memory-mapped I/O applica- 
tions. The inputs to the decode logic are the 
system memory address lines, Ag-Ap. The 
logic shown compares the address on the 
memory bus with the programmed comparison 
address. When an address on the bus matches, 
the corresponding I/O port enable signal Is set. 
In conjunction with other system control 
signals, this enable can be used to transfer 
data to and from the system data bus. 


PORT 0 = 1F78 



PORT 1 = 1F79 
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PAL Design 

One PAL16L2 can be used to monitor a 16-bit 
address bus, fully decode addresses, and fur- 
nish enables to two ports, each of which could 
be anywhere within 64K of address space. Par- 
tial decoding for a larger number of ports could 
be done using other members of the PAL fami- 
ly. 

Typical logic equations for the memory-map- 
ped I/O logic are as follows; 

Port 0 = /ABO • /AB1 • /AB2 • AB3 • AB4 • 
AB5 • AB6 • AB7 • AB8 • AB9 • 

= ABA • ABB • ABC • /ABD « /ABE « /ABF • 
[Note: source data incorrect] 


Port 1 = ABO • /AB1 • /AB2 • AB3 • AB4 • 
AB5 • AB6 • /AB7 • AB8 • AB9 • ABA 
• ABB* ABC •/ABD* /ABE* 

/ABF* 

The above example shows address decoding 
for memory locations 1F78 h and 1F79 h. The 
equation terms could be changed to accom- 
modate any 16-bit address. 


Memory Mapped I/O Design Specification PAL16L2 


PfiLlbL^' ' PEC I F IC hT ICH 

PRT MOOR 

MEMORY MRPPED I- O 

RBO RBI RBc RB3 RB4 RB5 RB6 RB7 RBS GMD RBR RBR RBB RBC 
.••••POPTI .-POPTO RBB RBE RBF VCC 


PORT 0 = •••■RBO^.-hB 1 ♦ - RBd^RB -i^RB^^RBT'^RBb^ • HFr*HBP^HBR^RBH^RBB^HBC ♦ 

.•••■RBI'^.-RBF>.-hBF 

PORT J = RB0^--RB1^ - RBc^RB3^RB4^RB5^RB6* -‘RB7^RJ:'3^RBY*hER#RBB^hBC ♦ 

••RBI>^-RBE*--RBF 


DESCPIPTIOr^; 

THE PRL riECGHE;: THE i-PECIFIED r-iEMOPY RDI'PEM '''OPIi TO PPOBltHE R PORT 
EMRBLE FOP POPTO RM,D POPTI RI FOLLOM:- : 


PAL16L2 Memory-mapped I/O Decoder Design Specification. 
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Memory Mapped I/O 


Fuse Pattern PAL16L2 




■ : : *PALASM Truncates beyond 31 characters 

PAL16L2 Memory- mapped I/O Decoder Fuse Pattern. 
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Memory Mapped I/O Logic Diagram PAL16L2 


0 12 3 4 5 1 7 a 9 1011 12 131415 16171919 20212223 24252627 28293031 



PAL16L2 Memory-mapped I/O Decoder Logic Diagram. 
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CONTROL LOGIC FOR 8080 CPU 
BOARD 

The 8080 is one of the most widely-used of all 
current microprocessor designs. However, us- 
ing it in a system requires that you decode and 
supply a fairly complex set of control signals. 


With the rapid decline in 8080 prices, the logic 
required to perform this control decoding has 
become more expensive than the 8080 itself. 
This application note shows how a PAL can be 
used to eliminate much of this costly support 
logic on an 8080 CPU board. 




PAL16L8 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram. 


DE SCRIPT I DH: 

PDPTlDr^ DF LOGIC FROM SnSn CPU BORRD 


PhLIGLC 
PhT 00 IE 


PhL DESIGr^ SPECIF I CRT ION 


PORT I DM OF RRMDOM CONTROL LOGIC FOR COSO CPU BORRD 

PD EN ED ER SI SR El DO D£ GND SO NO C3 HR SS LR Ml.J pl.l NC3 VCC 


IF •■■VCC.' 

•• Ml.l= 

SD> 

••-P 

•I + S 

D>.--DE 

IF '-VCC,' 

•• LR= 

SR 


DO 


IF •■VCC ■' 

.-s : = 

••-SI 


.--PD 

+ SR 

I F VCC ■' 

•■■•HR = 

.--SI 

+ 

--PD + 

•SR + 

IF .;VC C ■' 

.•■•cs= 

•PD 

+ 

-ED 

-ER 

IF VCC.' 

••• ND--= 

•PD 

+ 

Er^ 



PAL16L8 Control Logic for 8080 CPU Board, Design Specification. 



24-189 


Application Suggestions 





Application Suggestions 


Portion of Random Control Logic for Fuse Pattern PAL16L8 

8080 CPU Board 











PAL16L8 Control Logic for 8080 CPU Board, Fuse Pattern. 
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Portion of Random Control Logic for Design Specification PAL12H6 

8080 CPU Board (Improved Design) 


PRLiaHfe F’RL DESIGN SPEC IF ICRT ION 

PhTOOIC-: 

PLIPTIDM OF RRMDDM CDMTRDL LDGIC FDR SOSO CPU BORRH 

Pn EM ED ER .21 CR El DD DE GND SD NC3 HD C3 HR SS LR MW PW VCC 

Ml<l = .■•••2D + PW^DE 
lr = .••••SR^.-na 
22 = ;21^Pri^.-2R 
HR = :21^P j^-'SR^ER^El 
'23 = FTi^ED^ER 
HD = PD^.-'EN 

DE-2CRIPTIDM: 

PORT I DM OF LDGIC FROM SOSO CPU EDRRD 

HGTE: this. DE.2IGN IS IMPROVED OVER THE PREVIOUS EXRMPLE RS I.IE WERE 

RDLE TD IMPLEMENT THE SRME EQURTIDNS IN R 2MRLLER PRL. THIS WRS 
RCCDMPLISHED B'f INVERTING THE EQURTIDNS? THUS? REDUCING THE NUMBER DF 
PRODUCTS PER OUTPUT TD R MRISIMUM DF TWO. 

PAL12H6 Control Logic for 8080 CPU Board, Design Specification. 



PAL12H6 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram. 
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HEXADECIMAL DECODER/LAMP 
DRIVER 

The increasing use of microcomputers has led 
to an increased need to display numbers in 
hexadecimal format ( 0 - 9 , A-F). Standard drivers 
for this function are not available, so most ap- 
plications are forced to use several packages 
to decode each digit of the display. Since 6 to 
12 digits are often being displayed, this ap- 
proach can become very expensive. This exam- 
ple demonstrates how the hexadecimal display 
format can be both decoded and the LED in- 
dicators driven using a single PAL for each 
digit of the display. 

Functional Description 

A hex decoder/lamp driver accepts a four-bit 
hex digit, converts it to its corresponding 
seven-segment display code, and activates the 
appropriate segments on the display. These 
drivers can be used in both direct-drive and 
multiplexed display applications. A single PAL 
can provide both the basic decode/drive func- 
tions, and additional useful features as well. 

Circuit Description 

The figure shows three digits of a display 
system that uses three PALs to implement the 
complete decoding and display-driving func- 
tions. The Inputs to each section are a hex 
code on pins D0-D3, a ripple blanking signal, an 
intensity control signal, and a lamp test signal. 

The hex codes are decoded to form the seven- 
segment patterns shown in the figure. The in- 
put codes, digit, represented, and segments 
driven are as follows: 


Ripple-blanking input RBI is used to suppress 
leading zeroes in the display. The signal is pro- 
pagated from the most significant digit to the 
least significant digit. If the digit input is zero 
and RBI is low (indicating that the previous 
digit is also zero), all segments are left blank 
and this digit position’s ripple-blanking output 
RBO Is set low. 

Intensity control signal IC controls the duty cy- 
cle of the display driver. When IC Is high, all 
segment drivers are turned off. Pulsing this pin 
with a duty-cycled signal allows the adjust- 
ment of the display’s apparent brightness. 

Lamp test signal LT lets you check to see if all 
LED segments are energized. 

PAL Implementation 

The PAL 16 L 8 has both the required I/O pins 
and the drive current capability to perform as 
the complete display decoder-driver circuit 
with seven inputs and eight outputs. The logic 
equations for this circuits are shown in the 
listing. One PAL drives each digit; they may be 
cascaded without limit. With minor changes, 
the same logical structure could be used with 
multiplexer logic to allow a single PAL to 
decode and drive multiple digits. 


D 3 

D2 

D1 

Do 

Digit 

Segments 

0 

0 

0 

0 

0 

ABCDEF 

0 

0 

0 

1 

1 

BC 

0 

0 

1 

0 

2 

ABDEG 

0 

0 

1 

1 

3 

ABCDG 

0 

1 

0 

0 

4 

BCFG 

0 

1 

0 

1 

5 

ACDF 

0 

1 

1 

0 

6 

ACDEF 

0 

1 

1 

1 

7 

ABC 

1 

0 

0 

0 

8 

ABCDEFG 

1 

0 

0 

1 

9 

ABCFG 

1 

0 

1 

0 

A 

ABCEFG 

1 

0 

1 

1 

B 

CDEFG 

1 

1 

0 

0 

C 

ADEF 

1 

1 

0 

1 

D 

BCDEG 

1 

1 

1 

0 

E 

ADEFG 

1 

1 

1 

1 

F 

AEFG 
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Hex Decoder/7 Seg. Driver w/Ripple Blanking, 
Intensity Con., & Lamp Test 


Logic Schematic 


THREE STAGE HEXADECIMAL DECODER /DRIVER 


PAL16L8 

BCD TO HEXADECIMAL 

DECODER/7SEGMENT 

DRIVER WITH RIPPLE BLANKING 


: I: 


DISPLAY i 
leadingS^'cc 

RBI 

BLANK _2_ 

leading -=■ 

Do 

Dl 

ZEROS 

D2 


Da 


1C 


1 lt 


HEXADECIMAL 

INPUTS 



I LED/LAMP 
[ DRIVER OUTPUTS 


TO NEXT STAGE 


Hex Display Decoder-Driver, Combinatorial Logic Diagram. 
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Hex Decoder/7 Seg. Drive w/Ripple Design Specification PAL16L8 

Blanking, Intensity 
Con., & Lamp Test 

PRL 1 6Ly PRL DES I GN S PEC I F I CRT I DM 

PRT H007 

HE;: DECDDEP-TSEG. DRIVEP M••PIPPLE INTENSITY CDN. ? LRNP TEST 

RBI riM ni HP ns ic lt nc r^c GrfD nc g - pbd fed c b r vcc 


IF 

I C> 

•R = 

-RBO^ -DO^ -Dc’ + ••• RBD^- D»D:-: + . RBO^Dl^Dc* + 
-RBO^Dl^-DZ^.-D?: + •••RBa^Di>DS^.-D:? + .-RBO^.-Dl ♦••-DZ^DS 

IF 

':•••• I C'.' .-B = 

. • R B 0 ♦ If Z ♦ El + •••• R B 0 ♦ •- D 0 ♦ . - D Z + •- R F: 0 ♦ - D 0 ♦ ■••• D 1 ♦ . - D + 
•pBO^Dn^Dl^- DS: + •• RBO^DO^.- Dl^D? + LT 

IP 

1--IC:- -C = 

•RBO^DU^-Dl + RBD^DO^-DZ + ••• RBO^ D 1 ♦ - DZ + 

•RBO^DZ^- D.S + . RBD^-DZ^D.5 + LT 

IF 

. I C :• 

• D = 

RBD^ Dl^DS + RBO^ • DO^. DZ^.- D3 
••■RBD^D0>D1^.-DZ + •• RBO^- Di>Dl^DZ + -RBO^DO^ -Dl^DZ + 

IF 

:--IC> 

.•-E = 

■ R B D ♦ !• U ♦ ■ Ii Z + •- F! B 0 ♦ D Z ♦ D 3 + •- R B 0 ♦ ••• D h ♦ Ii 1 + 
•••RBOvDl'5^D3 + LT 

IF 

:■ -• I IS 

.-•F = 

.•■RB0^.-DU4.- D1 .-RBO^.-DZ^D S + - PBO^Dl^DS + 

•• RBO^- Di>DZ + -RBO^ -Dl^DZ^- D3 + LT 

IF 

:VCC.> RBO 

= -D -• D 1 ♦ DZ^ -D3^ RB I 

IF 

:--IC> --G = 

•RBO^Dl^.-DZ + .•-RB0^Di>D3 + -RBO^.- DZ^D3 + 

• ■RBO^.- DCi^Dl + ••■PBD^.-D1^DZ^.- D3 + LT 


DE SCRIPT I on: 

THE HEKFDECIMRL DECDDEP-F-SEGNENT DRIVER FERTURES RCTIVE LOW OUTPUTS 
FOR DRIVING DISPLRY DIRECTLY. 

IF DRTR INPUT IS ZERO RND RIPPLE BLfiNKING INPUT 'S-RBI.:' IS LOW THRT 
DIGIT I.IILL BE BLRNKED RND PIPPLE BLfiNKING OUTPUT WILL BE LOW. 

THE RIPPLE BLfiNKING OUTPUT C-RBO' PROVIDES BLfiNKING INFDRMRTIDN 
FOR THE NEXT LEfiST SIGNIFICRNT STRGE. IT PROVIDES fi LOW IF .-RBI IS 
LOW RND THE DRTR IN IS ZERO. 

WHEN HIGH THE INTENSITY CONTROL aO WILL TURN OFF THE ENTIRE DISPLRY. 
IC MRY BE PULSED TO VRRY THE INTENSITY OF THE DISPLRY. 

i.lHEN HIGH THE LRNP TEST INPUT aT> WILL TURN ON THE DISPLRY. 





INPUT 

s 





OUTPUTS 


LT 

IC 

.-RBI 

DO D1 

DZ 

D3 

R 

B 

•s 

D E F G 

.-•RBO 

L 

H 


Y >■, 


K 

z 

z 

z 

Z Z Z Z 


L 

L 

H 

L L 

L 

L 

L 

L 

L 

L L L H 

L 

L 

L 

L 

L L 

L 

L 

H 

H 

H 

H H H H 

L 

H 

L 


.X X 


X 

L 

L 

L 

L L L L 



Hex Display Decoder- Driver, Design Specification. 
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Hex Decoder/7 Seg. Driver 
w/Ripple Blanking, Intensity 
Con., & Lamp Test 



Fuse Pattern PAL16L8 


• ic 

• PFD^Dl^fic' 

■ppa^Di^-- 1.' i>?. 
■ - I'i? 

LT 

• IC 

••PE:a^ - - !•? 

•• p'Bn^- [I 

• PPD^ • Dfi^ ■ D 

• PPD^PO# •• D J ♦D.-- 
LT 



• IC 

• ppn^rit^-Di 
••ppn^ri'>. ri.i 
■PPD^- Dl^ - HP 
•• PBn^np^.-D--. 

• ppn^- DP^i’i j! 
LT 


IC 

•PpD^- Dl^n5 
-•PPD^-Iiri^.-Dp^-D:-: 
P BO net'll ♦•• lie 
•PPCi^-D |■|♦^!l♦Dc: 
-•ppn^rH>-r'i^DP 
LT 




•IC 

PPD^ • Im^ •• Pc' 

•• ppd^dp^d:-: 

PPC^-D i:.♦Dl 
••PPO^Dl ♦H-p 
LT 



■•• IC- 

• P B □ ♦ ••■ B 0 ♦ ■• D 1 

••■PED^-DP^ri? 

.■-PBD^Dl^n.-' 

•■PBG^-Di>riP 

- Ppn^ -Dl ♦!•£■♦ - 1'? 

LT 





• Tin^ • D1 ♦-•rp^.- DC^.- PPI 


IC 

PBD^Dl^ ••■ DP 

• ppD^riri^D? 

• PBD^ -IIP^D? 

■ PBD^ • I'l'i^D 1 

• PPD^ •■ Dl^DP^ -D? 
LT 


Hex Display Decoder-Driver, Fuse Return 
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HEXADECIMAL KEYBOARD 
SCANNER 

The popularity of pocket calculators and home 
computers has created a large market for low- 
cost keyboards. The logic required to scan 
small keyboards Is typically Implemented 
either in SSI/MSI logic or in a computer- 
generated software scan. In the first case, the 


Hex Keyboard Scanner 


logic may be rather expensive; in the second 
case, If the microcomputer system is a busy 
one, the software scan may be unacceptably 
slow. A single PAL and just a few Inexpensive 
parts can do the task. 


Logic Diagram PAL16L8 


EXT CLOCK 
(Approx. 10KHZ) 



Hex Keyboard Scanner, Combinatorial Logic Diagram. 
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Hex Keyboard Scanner 


Design Specification PAL16R4 


> 

T3 

■o 


PflL 1 SP4 
PRT 0 i.'i 1 7 

he;-: E'-.’BDHPri vcrhhep 

CLK HO Hi HE H?: H4 Hf. RE R7 GNU ■•Er^ P i-B Q?: C'E 01 CO Mi; :-:R VCC 

IF VCC -■■Zfi = •••0 5 

IF VCC ■' ■•-MC = - RO^ -'CO^- Ol ♦•• OE + - Rl ♦OO^.-Ol ♦•• Oc + 

•••• R E 0 1 j C 1 ♦ 0 E + R 5 0 0 ♦ r.i 1 C • E ■+ 

1=1 4 ♦ . • iTi I j ♦ .. ••• M 1 ♦ Q £ + • R ♦ 0 0 ♦ . ••• C' 1 ♦ 0 £ + 

•••• H 6 •••■■ 0 0 ♦ 0 1 I? E 

■ ,_:i 0 : = Q 0 ♦ Q I j -e • P 

.• r 1 1 ; = Q M ♦ i“i 1 ♦ P -+• • G ! I j ♦ • V 1 F: + •••■ 0 1 •♦ ••• P 

iTi : = ij ij -e fi 1 -e 0 E R' + 0 . 0 ^ O' £ ♦ P + •••'■ O' 1 •♦ •••■ 0 E P + " O' E ♦ P 

. - n 3 : = 0 ri ♦ O' 1 ♦ O' E ^ O' 0: ♦ P + O' 0 ♦ O' ’5 ♦ P + • P i ^ • p 3 <>• p + n 3 • fi -3 ^ p + 13 3 ^ p 

IF VCC :■ .-SB = 0'3 

IF ■: VCC .•-P = .-MC .-•RF^O'O^Oll^OlE 


PRL DE'.': I GN .TPEC I F I C RT I DM 


O 

0) 

0 

3 


DESCPIPTIDM: 


THE PEYBDRRn SCRMMEP i.ULL -SCRM R It. KEY KEYBDRPD RPPRMGED IM R 
E:05 MRTRI:K. the CCRMMER uaRKC by selecting one rom of s switches 

RMD THEM SCRMMING THE S INPUTS. R LOW ON RNY INPUT WILL niSRBLE THE CLOCK 
GOING INTO THE ONE-SHOT. THE ONE-SHOT IS USED RS R DELRY TO RLLDW THE 
SI.IITCH BOUNCE TO SETTLE OUT. RT THE END OF THE TINE DELRY aOMS.:'!. KEYPRESSED 
WILL GO LOW. THE OUTPUTS WILL THEN GIVE THE BINRRY CODE FDR THE SWITCH 
SELECTED. WHEN THE SWITCH IS RELERSED? KEYPRESSED WILL GO HIGH, RMD 
SCRNNING WILL CONTINUE. WHEN THE END OF THE ROW IS PERCHED , THE 
SCRNNER SWITCHES TO THE OTHER ROW RND CONTINUES SCRNNING. 

THE E.'KTERNRL CLOCK SHOULD RUN IN THE RRNGE OF 10 KHS. 

IF RSCII DR OTHER CODED CHRRRCTERS RRE DESIRED, THE BINRRY CRM BE 
CONVERTED USING R PROM. 


PAL16R4 



Logic Symbol 


Hex Keyboard Scanner, Design Specification. 
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Hex Keyboard Scanner 


Fuse Pattern PAL16R4 



iji£ 

H 1 ♦Q 0 ^ ■ 0 1 ♦ • '?c' 

0 0♦0 1 ♦ C'c' 

R j#iri ^l♦lTl 1 ♦ ••• rt£' 
r44 - .q 1 ♦ri£ 

Rfi^lTl fi 1 ♦Me* 
Rr.^.-'O l;l♦^l 1 ♦ri£ 




Q O^C' 1 ♦P 


QO^Ql^G'c’^P 
•QO^-Qc'^P 
.-■Q 1 ♦•••■Qc'^P 
♦..••• P 




Q 0 ♦ Q 1 ♦ Q c’ ♦ Q 3 ♦ R 
Q 0 ♦.•••• Q 3 ♦P 
-••Q 1 ♦.••••Q3^R 
•-■■Q3^P 
••••■Q3^-"R 


KXXX 



Q 3 





— 

:::: 

:::: 

— 

xxxK x:::::: 

X X !*% X f-'-I X 

xxxx 

xxxx 

xxxx 

xxxx 

XKXX ; :: :: : 

XX. XX .xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XKXX !!!!!!!! 

xxxx xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


xxxx xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XX XX xxxx 

xxxx xxxx 

xxxx 

xxxx 

xxxx 

X 

X 

X 


•••NC 

.••R 7 ^Q 0 ^Q 1 ♦QS 


Hex Keyboard Scanner, Fuse Return 




Hex Keyboard Scanner 


Logic Diagram PAL16R4 
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Application Suggestions 


MINIDISKETTE CONTROL LOGIC 

The flexible diskette (floppy), and Its smaller 
brother, the minidiskette, are very popular as 
mass storage on small systems. Most of these 
small systems are destined for high-volume ap- 
plications, so all possible production 


economies should be explored. The disk con- 
troller is the most complicated (and expensive) 
part of the disk subsystem; this example 
shows how a PAL can reduce the size and cost 
of the controller for a minidiskette-drive con- 
troller. 



SHIFT 

DATA 

REG 


SHIFT 

CLOCK 

REG 


DATA BIT 


CLOCK BIT 
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Portion of Micro Floppy Control Logic Design Specification PAL14H4 

PRL14H4 PhL I PEC IF I CRT I OH 

PRTOOcM 

PORT I OH OF MICRO FLOPPY CONTROL LOGIC 

iCK T 01 I.ICK Oc’ • i.ie CRB I.ICRC •OB GNB 04 CO T'O CLB IihTRFT ICPEG I BE EG ru •..ri: 

'::DREG= T^Ol^-'WE + oCK^-'l'lE + I'lE^t'lCt- 
!!CREG= Oc'^Ol^ME + iCF^- itJE + mE^MCL 

IiRTRBT= CRE^I.'iE^I'.iCRC + Oc* ■*“ T^ ME^-OB + •i.lC RC ♦••lE^FiD 
CKB= 0c*^04 + T^-WE + I.IE^CO 

DESCRIPTION: 

PORTION OF FLOPPY DISC CONTROL LOGIC 

Minidiskette Control Logic Design Specification. 
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Application Suggestions 
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Portion of Micro Floppy Control Logic 


Logic Diagram PAL14H4 
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Limit Checker Combinatorial Logic Diagram. 
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Application Suggestions 


Between Limits Comparator/Register 


Fuse Pattern PALI 6X4 


XXX 

XXX- X— X .•'R£^B2^R3.EQ.B3 

XXX- X— X X— X .■•Rl^Bl^R3.EQ.B3^Rc:.EQ.B£ 

XXX- X--X X— X X— X .-R0^B0^R3.EQ.B3^R£.EQ.B2^R1.EQ. 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 


XXX R3^.-'B3 

XXX X— X R£^/B£^R3.EQ.B 

— wXKX X — X X — X R1^.'B1^R3.E0.B 

— -XXX X — X X — X X — X R0^.-B0^R3.EQ. B 

•::x XXXX XXXX xxxx xxxx xxxx xxxx 

<:x xxxx xxxx xxxx xxxx xxxx xxxx 

<:x xxxx xxxx xxxx xxxx xxxx xxxx 


3^Rc!. EG!. Bc‘ 
3^R£.EQ. Bc’^Rl .EQ. 


. • R O^- LDRD^^- CLERR 

.-•BO^LORn^.-CLERR 


.•••Rl^.-LORn^.-CLERR 

. Bl^LORD^-CLERR 


— .••■•R£^.- LDRD^.' CLERR 

■•Ea^LDRn^.- CLERR 


•.:;v — •• R34.LDRri^/CLERR 

— v-- .■B3^LDRri^.-CLERR 


X X— X R3.EQ.B3^Rc:.Ei:'.B£^Rl.EGl.BURi:i.E 


PALI 6X4 Limit Checker Fuse Pattern. 
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Application Suggestions 


Between Limits Comparator/Logic 


Design Specification PAL16C1 


PRL16C1 

PRTOOc-1 

BETWEEN LIMITS COMPRRRTDR / LOGIC 


PRL DESIGN SPECIFICRTIDN 


•^EQIU /'LTl .^EQIL /GTE /EQEU /LTE /EQEL /GT3 /EQ3U GND 
.•••LT3 .••EQ3L NC NC NC -•ETWL .-GTO LTO - GTl VCC 


/BTWL = GTS > GTE^EQSU GTl^EQSU^EQEU + GTO^EQSU^EQEU^EQIU + 
LT3 + LTE^EQSL + LT1^EQ3L^EQEL LTi>EQ3L^EQEL^EQll 


DESCRIPTION: 

THE BETWEEN LIMITS LOGIC DETERMINES THE BTWL STRTUS RS 
R FUNCTION OF THE GTi. LT RND EQ STRTUS FROM THE COMPRRRTOR 
REGISTERS. 


PAL16C1 



Logic Symbol 


PAL16C1 Limit Checker Design Specification. 
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Between Limits/Comparator/Logic 


Fuse Pattern PAL16C1 








xxxx xxxx 





y.y.y.y, xxxx 
xxxx xxxx 
xxxx xxxx 
xxxx xxxx 
xxxx xxxx 
xxxx xxxx 
xxxx xxxx 





xxxx xxxx 
xxxx xxxx 

■’ X X X X X iX X 

xxxx xxxx 
xxxx xxxx 

xxxx xxxx 
xxxx xxxx 

xxxx xxxx 


XXXX 

xxxx 

xx>:x 

xxxx 

xxxx 

xxxx 

!'!XXX 

xxxx 

xxxx 

x:>:xx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

:>:xxx 

xxxx 

xxxx 

xxxx 

xxxx 

X A X Xi 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


GT3 

GTE‘^EQ3IJ 
GT1^E03U^EQ£U 
G T n ♦ E Q 3 U ♦ E Q £ U ♦ E Q 1 U 
LT3 

LT£^EQ3L 
LT1^EQ3L^EQ£L 
LT i>EQ3L^EQ£L^EQ 1 L 


PAL16C1 Limit Checker Fuse Pattern. 
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8-BIT I/O PRIORITY INTERRUPT 
ENCODER WITH REGISTERS 


Design Specification PAL16R4 


Pl=ILliSP4 PRL HEilPH IPECIFICIhTIDN 

PRTOOOS 

3 BIT I.-D PRIDPITY INTERRUPT ENCDDER MITH REGISTERS 

CK II I£ 13 14 15 16 17 IS GND -E NC i:'4 G'3 Qd Q1 NC NC VCC 


Ql := .- Il^Ic* + I3^I4 + .••••I14>..-I£^... + 

1 1 ♦ ••• I 1 3^.-- 1 4^.-- 1 5^.-- 1 6^.- 1 ?♦ 1 3 

•••0£ ;= ••-I u.--i£^r3 + .••ri4/i3^.--r3^i4' + •••ii^.' is^.- r5^.- i4^- i5^.- 
•••• 1 1 ♦ • ••• I £ ♦ 1 3 ♦ ••••• 1 4 ♦ •••• 1 5 ♦ 1 6 ♦ ••••• I ?♦ 1 3 

.•••■i:!3 := .••••I1^/ I£4.- I3^.- I4^I5 + •••• I l^- 'IS^-- 1 3^.-- I4^..- I5^I6 + 

1 1 ♦••••• I £♦.-■ 1 3^-- 1 4^.-- 1 5^ •••• 1 6^ 1 7 + •••• 1 1 ♦ •••• I £♦•••• 1 3^ •- 1 4^.- 1 5^ •• 1 6^ ■- 1 7^ 1 3 

:= 1 1 + I£+I3+I4+I5+I6+I7+IS 


DESCPIPTIDN: 

THE I.-D PP I DR I TV INTERRUPT ENCODER PR I Oi^' I T I ZE* 3 LG LIr^£: 
ai THRU IS;- OUTPUTING 111 y93^9d^i:Ql RECPECTIVELV* FOR THE HlGHElT 

PRIORITY l-O DEVICE 'ill' RND i:ii:ii;i FOP RN INTERRUPT FROM THE LOME IT 
PRIORITY I'D DEVICE 'IS'. OUTPUT 04 SERVES RS THE INTERRijFT FLhC 
HMD GOEi LQI.I i.JHEN RNY OF THE 3 I.- D irfPUTI GO HIGH. THE PRIORI T'. 
INTERRUPT ENCODER REGISTERS RRE UPDRTED DM THE PILING EDGE OF THE 
CLOCK INPUT ■CK :. . THE S-STRTE OUTPUTS RRE HIGH-Z i.iHEN THi- ETfHf-LE 
LINE LS HIGH RND ENRELED MHEN THE ENRPLED LINE ■ •• E ■ I.'. LD'.*. 


TRUTH 

TRBL 

E 








I I 

I 

I 

I 

T 

I 

I 

n 

*■•! 

ri 

c 

E 3 7 

G 

5 

4 



1 

4 



1 

H 7: > 
L :< > 






H 

L 

H 

H 

H 

L X :••• 





H 

L 

L. 

H 

H 

L 

i_ !'-! !•-! 




H 

L. 

L 

L 

H 

L 

H 

L 



H 

L 

L 

L 

L 

H 

L 

L 

L >, 


H 

L 

L. 

L 

L 

L 

L 

H 

H 

L X X 

H 

L 

L 

L 

L- 

L 

L. 

L 

H 

L 

L X H 

I L 

L 

L 

L 

L. 

L 

L 

L 

L. 

H 

L. H L 

L 

L 

L 

L. 

L 

L 

L 

L 

L 

L 

L L L 

L 

L 

L 

L 

L 

L. 

H 

H 

H 

H 


Eight-Bit Priority Interrupt Encoder with Registers, Designs Specification. 
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QUADRUPLE 3-LINE/1-LINE Design Specification PAL14H4 

DATA SELECTOR MULTIPLEXER 


'"■HL14H4 PHL DESIGN SPECIF I CRT ION 

PRT 0 0 1 6 

QURDPUPLE S-LINE-TO-l-LINE DRTR SELECTOR MULTIPLEXER 

IH SR SR 4h IE SB BE 4E 1C GND SC SC 4C 4V 3V SY lY SI SO VCC 


1 

= IR^.- SO^- 

SI 

+ 



IC^ -s O^Sl 

S‘i 

= SR^-'SU^- 

SI 

+ 

SE^S0^.--S1 

- 1 - 

sc^ •••-so^si 

::Y 

= SR^-SO^.- 

-SI 

+ 

3E^S0^.--S1 


SC^-’SCi^Sl 

4'r’ 

= 4R^.-- SO^- 

-SI 

+ 

4E^S0^.--S1 

+ 

4C^--S0^S1 


DESCRIPTION: 

R 4-EIT I.IOPD IS SELECTED FROM ONE OF THREE SOURCES RND IC ROUTED 
TO THE FOUR OUTPUTS. TRUE DRTR IS PRESENTED RT THE OUTPUTS. IF 
INVERTED DRTR IS DESIRED? USE THE SRME EQURTIONS WITH THE PRL14L4. 


! SO 

!S1 ! 

OUTPUTS ! 

IR 

1 

+ 

+ 

1 

c' 0 

VC 

! L 

! L ! 

R DRTR ! 

c*R 

2 

+ 

+ 

19 

S 0 

! H 

! L ! 

B DRTR ! 



1 

1 



! L 

! H ! 

C DRTR ! 

3R 

3 

+ 

-»■ 

1 8 

SI 

! H 

! H ! 

LOW ! 

4R 

4 

1 

1 

17 





1 

1 





IE 

5 

+ 

+ 

16 

£Y 




SB 

6 

+ 

+ 

1 

15 

ZiY 




SB 

7 

+ 

1 

+ 

1 

14 

4Y 




4B 

o 

+ 

1 

1 

IS 

4C 




IC 

9 

+ 

1 

18 

SC 




GND 

10 



1 1 

ac 


PINOUT 


Quad 3-to-1 Data Selector-Multiplexer, Design Specification. 
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Quadruple 3-Line/1-Line Logic Diagram PAL14H4 

Data Selector Multiplexer 
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4-BIT COUNTER WITH 2 
INPUT MUX 


Design Specification PAL16R4 


PfiL16P4 PPL riEiIGN iPECIFICRTION 

PRT m 0 :-:4 

4-BIT CDUNTEP l.-HTH £ INPUT MUX 

' CLOCK fid R1 R£ RC BO B1 B£ B3 GND -E CDUT II Q3 C'c! 01 0 0 10 CIN VCC 


Q 0 ; = 1 1 ♦ ■ I 0 ♦ • •••' 0 0 + •••■ 1 1 ♦ I 0 ♦ •••■ R 0 + 1 1 ♦ ••• I 0 ♦ •• • BO + 1 1 o 1 0 ♦ - C I N ♦ 0 0 + 

Il^IO^CIN^OO 


•••■ 01 : = .•••• 1 1 ♦ .•••• I 0 ♦ •••• 0 1 + • •• 1 1 ♦ I 0 ♦ . ••• R 1 + 1 1 ♦ •••• I 0 ♦ B 1 + 1 1 ♦ I 0 ♦ ••• C I rs ♦ •- 0 1 + 

1 1 ♦ I 0 ♦ C I N ♦ 0 1^00 + 1 1 ♦ I 0 ♦ ••• 0 1 ♦ ••• 0 0 


0 2 : = 1 1 ♦ I 0 ♦ •••■ 0 £ + ■••• 1 1 ♦ I 0 ♦ R £ + 1 1 ♦ -- 1 0 ♦ •- B £ + 1 1 ♦ I 0 ♦ C I tS ♦ ■ 0 £ + 

1 1 ♦ I 0 ♦ C I N ♦ 0 £ ♦ 0 1 ♦ 0 0 + 1 1 ♦ I 0 ♦ 0 £ ♦ - 01 + 1 1 ♦ I 0 ♦ • ••• 0 £ ♦ •- 0 1 j 


•••■ 0 3 : = 1 1 ♦ I 0 ♦ •••■ 0 C-! + 1 1 ♦ I 0 ♦ R 3 + 1 1 ♦ •••• I 0 ♦ ■ B 3 + 1 1 ♦ I 0 ♦ •- C I N ♦ ••• 0 3 + 

1 1 ♦ 1 1 j ♦ C I N ♦ 0 3 ♦ 0 £ ♦ 0 1 ♦ 0 0 + 1 1 ♦ I 0 ♦ 0 5 ♦ U £ + 1 1 ♦ I 0 ♦ 0 3 ♦ •••■ C' 1 + 1 1 ♦ I 0 ♦ 0 3 ♦ Q Ci 


IF':VC:C:;:' •■••CDUT = •■•CIN + ••••03 + •-Oc* + -Ol •-OO 


description: 

THE 4-BIT COUNTER LORDS R OR B FROM THE MUX^ OR COUNTS UP. 
THE THREE STRTE OUTPUTS RPE RCTIVE UHEri .-E IS LOl.l. 


! ••••E ! II 10 ! CIN ! CLOCK ! OUTPUT Q ! OPERRTIDN ! 


L-H ! 0 ! NOP 

L-H f R ! LORD R 

L-H ! B ! LORD B 

L-H ! Q ! NOP 

L-H ! 0 PLUS 1 ! INCREMENT 


INPUT A INPUT D 


CARRY IN 


OP SELECT 


OUTPUTS 


Four-Bit Counter with Two-Input Multiplex, Design Specification. 




! L ! L 4 . ! X 

! L ! L H f 

! L ! H L ! X 

! L ! H H ! L 

! L ! H H ! H 
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4-BIT UP/DOWN COUNTER WITH 
SHIFT AND THREE-STATE 
OUTPUTS 


Design Specification PALI 6X4 


pi=iLi6::4 pPiL DE:ii3r< ;pec iFicftTion 

PRT no it. 

4 BIT UPriDi.itf CDUffTEP MITH .IHIFT RffD THREE- 1 TRIE DUTPUTI 

CLDCf.. 10 II BO B1 Bi B3 li CLERP GHD E -LID rfC R5 hd R1 RO PID VCC 


IF-' • Ic'^I l^.- 10 • PID = '.RO 


■RO := '-RO;' Ic;^.- I ■ I 0 + '.'.BO-' I !♦! 0 + Rl ' ♦••• I3^I l^- I 0 + '■.••R 0.* ♦ I I 1 
: + : -PID^Icl^- II ♦••10 + 

RID^IE-^Il^'IO + 

PID^IE^Il^ 10 + CLERP 


■R1 := C- Ri:.' ♦ ■ li^.- 1 I 0 + B1 .' ♦.- Ic’t- I !♦! 0 + Ri.:' ♦•- lE^I !♦ . 'I 0 + •• ••Rl..' ♦I£^I 1 

RO * ♦Ic‘^- I l^-'I 0 + 

< R 0.' ♦P I D^ I £■♦ 1 1 ♦.- I 0 + 

R O:;* ♦P I D^ I £•♦ 1 1 ♦ 10 + CLERP 


Rc’ : = •• Ri :• ♦.•' I I 1 ♦ ■ ■ I 0 + C-' BE;* ♦ • ’ I 1 1 ♦ I 0 + R3> ♦■ ’ I £•♦ I 1 ♦ ••■ I 0 + • Ri.* ♦ I £♦ 1 1 

R1 ♦I3^.- 1 0 + 

Rl.'^' RO' ♦PID^Ii’^I 10 + 

Rl ' ♦ ' . RO ' ♦PID^IE’^I !♦ 10 + CLERP 


-■R3 := R3:' ♦.-• li^.- 1 1^.--I 0 + •;.--B3;' ♦•-• lE^- I !♦! 0 + •- LID^.- IS^I 1 0 + •:.--R3;.' ♦IS^I 1 

: + : < ••■■ R £ ♦ I £ ♦ •• • 1 1 ♦ •••• 10 + 

R£;:' ♦ r i .;• ♦ r o:' ♦r i d^ i £♦ i i ♦■•••■ i o + 

■ R£> ♦ '..■.■-R 1 R o;* ♦P I D+ 1 £♦ 1 1 ♦ I o + clerr 


IF*:: I £ ) LID = ''.RS.:' ♦ I £♦•••' I 1 ♦ •- 1 £ + R3'' ♦ R£> ♦ •'; R 1 R iO ♦R I D^ I £♦ 1 1 ♦■••■ I 0 + 

'3- R3>^C-R£;' ♦^.-'Rl>^ C- RO.' ♦RID^I£^I !♦ 10 


DESCRIPT I dm: 

THE UP.- DDl.irf CDUMTER UITH SHIFT WILL LDRIn SHIFT? CDUMT UP? CDUMT DDWH? 
CLERP DR MDP DM THE RISIMG EDGE DF THE CLOCK RS SPECIFIED BV THE 
IMSTRUCTIDM? I. SHIFT I.-D» CRRRV RMD EDRRDW SHRPE THE SRNE L-D LIMES 
•;:LID RMD RID;-. RCTIVE HIGH OUTPUTS? R? RRE EMRBLED WHEM -E IS 
LOW. MDTE: THE IMPLIED EXCLUSIVE DR? :+: ? MUST BE PLRCED BETWEEN 
THE FOURTH RMD FIFTH PRODUCT TERMS. 



I£ 

11 

10 

LID 

RID ! 

CLOCK ! 

LID ! 

R3 R£ Rl RO ! 

L 

L 

L 

X 

X ! 

L-H ! 

Z ! 

R3 R£ Rl RO ! 

L 

L 

H 

X 

X ! 

L-H ! 

Z ! 

B3 B£ B1 BO ! 

L 

H 

L 

RI 

Z ! 

L-H ! 

2 ! 

RI R3 R£ Rl ! 

L 

H 

H 


X ! 

L-H ! 

Z ! 

RLL HIGH ! 

H 

L 

L ! 

z 

LI f 

L-H ! 

R£ ! 

R£ Rl RO LI ! 

H 

L 

H ! 

z 

X ! 

L-H ! 

L ! 

RLL HIGH ! 

H 

H 

L ! 

z 

CIM ! 

L-H ! 

CDUTf 

R PLUS DME ! 

H 

H 

H ! 

z 

BIN ! 

L-H • 

BOUT! 

R MINUS DME ! 

X 

X 

X ! 

y, 

X ! 

L-H ! 

Z ! 

RLL LDW ! 


! MDP 
! LORD B 
! SHIFT RT 

• SET 

! SHIFT LT 
! SET 

! IMC IF CIN 
! DEC IF BIM 

• CLERR 


Four-Bit Up/Down Counter with Shift and TRI-STATE (R) Outputs, Design Specification. 
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Application Suggestions 


ALU Accumulator 


Fuse Pattern PAL16A4 


l»ICi 

FlO 



•• I I I 

•• I • I £♦ • I 1 ♦ • I i>H 

I t>H3-^B?-^Hc + Bc^Hl ❖ 
•• I I • I 1 ♦ I 3-t B I-i^Rc + Bc'^R 1 + 








••• 1 •• I • I 1 ♦ I O^R 0 . EO . B 0 

• I I £■♦••• I !♦ 1 1> - RO 

Ii>- B0 
Ii>B0 

•• I :]:♦ I 1 1 ♦ 1 1> • R i>- • B 0 

I3^I£^I 1 1> C Ir^ 

I3^I3^I l^Ii>. Rl 
I R ij 

• I I • 1 1 ♦ I i>R 1 . EO . B 1 

. - I !♦! l;l♦•••Rl 

• I3^- Ii>. Bl 

■ 1 3^ I £♦ • 1 1 ♦ ■ I t>B 1 
.■•I3^lc:^ - Il^I 0♦.-•Rl♦ ■ B1 

I I £♦ I 1 1 R I'l 

1 3^ I £♦ I 1 ♦ I O •• R£ 

I3^-R1 

•••I3^.-- - 1 I 0^R£. EO. BE 

••••I3^.- I£^-- 1 !♦ I 0♦•■•R£ 

. I3^- I£^I1^- Ii> -B£ 

• I3^I£^ - ' H>B£ 

I £♦ I £♦•■•■ 1 1 ♦ I » ••• R£^ •••■ B£ 
••I3^I£^I l^ - I l:l♦ •• Rl 
•• I £♦ I £♦ I 1 ♦ I O^- R3 
1 3^. - RE 

- I £♦ I £♦’•■•■ I 1 I 0♦R3 . EO . B3 

.••■I3^.-- I£^ - I !♦! i>.- R3 
.••I3^.- I£^I1^--I0^.- B3 
•••• I3^I£^- 1 1 '>B3 
1 3^ I £♦■•• 1 1 ♦ I •• R.3 ♦••• BC-: 

. - I3^I£^I 1 1> . - R£ 

. I £♦ I £♦ I 1 ♦ 1 1>- L I D 
1 3^. - R3 



•••• I3^ - I£^-- I I i>R3+B3^R£+B£^Rl-F 
••••■ 1 3 ♦ •••■ I £ ♦ 1 1 ♦ I 0 ♦ ••••■ R 3 ♦ •••■ R£ ♦ •••• R 1 ♦ R 0 
.•••■ 1 3^.-- 1 £♦ 1 1 ♦•••• I «>/B34 ••• B£^.--B 1 ♦ ••• ?. 0 
.•••• I £♦ I £ ♦ 1 1 ♦ I 0 ♦ ••• R 3 B C-! ♦ •••• R£ + B £ ♦ •••• 

•••• I £♦ I £♦/ 1 1 ♦ I 0♦.•■■R3♦.••■ B3^-- R£^/ B£^-' 
.•••• 13 ♦ I £ ♦ I 1 ♦ I ♦ ••••' R £ ♦ •••• R 1 ♦ •••• R 0 ♦ . C: I ri 
••• I £♦ I £♦ I 1 ♦ 1 1> - L I R3^.- R£^.- R 1 

.•••I3^I£^I I 0 
.••■R3 


ALU Accumulator, PAL16A4 Fuse Pattern. 


24-224 




24-225 


Application Suggestions 







Physical Dimensions 


PACKAGES 

Dual-ln-Line Packages 

(N) Devices ordered with “N” suffix are supplied in plastic molded dual-in-line packages. Molding material Is a highly 
reliable compound suitablefor military as well as commercial temperaturerangeapplications. Lead material iscopperor 
alloy 42 with a hot solder dipped surface to allow ease of solderability. 

(J) Devices ordered with the “J” suffix are supplied In a CERDIP package (ceramic lid and base sealed with high 
temperature vitreous glass). Lead material is solder dipped alloy 42. 

(D) Devices ordered with the “D” suffix are supplied in side brazed, multi-layer, ceramic dual-in-line packages. The leads are 

Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated. 

(Q) Devices ordered with the “Q” suffix are supplied In either a “D” or “J” package, but with a UV window. 

Metal Can Packages 

(H) Devices ordered with the “H” suffix are supplied in a metal can package. The cap is nickel finish and the leads are gold- 
plated Kovar. Gold free construction using epoxy D/A Is also available, with a tin-plated finish. 

Fiat Packages 

(F) Devices ordered with the “F” suffix are supplied in a multi-layer, ceramic bottom brazed flat package. The lid is plated 
alloy 42, and leads are gold-plated, tin-plated, or solder-plated alloy 42 or Kovar. 

(W) Devices ordered with the “W” suffix are supplied in a low-temperature ceramic flat package. 
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D16A package is replaced by D16C package. 
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NS Package D16C 
16-Lead Cavity DIP (D) 



NS Package D40C 
40-Lead Cavity DIP(D) 
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G12C package is replaced by H12C package. 
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NS Package H08C 
8-Lead TO-5 Metal Can Package (H) 


NS Package H10C 

10-Lead TO-5 Metal Can Package (H) 
(Low Profile) 
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NS Package N24C 
24-Lead Molded OIP(N) 


N28A package is replaced by N28B package. 
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NS Package N40A 
40-Lead Molded DIP(N) 
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NS Package N48A 

48-Lead Molded DIP (N) 
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